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ABSTRACT 


The primary objective of the research described in 
this thesis was the study of the syntheses and properties 
of N-hydroxy compounds, prior to their pharmacological 
evaluation. 

Three 1,3-disubstituted 4-(o-nitrophenylthio) -2- 
pyrazolin-5-ones were prepared, then reduced with sodium 
borohydride and palladium-charcoal. These reactions 
yielded 9,9%a-dihydro-9-hydroxy-1H-pyrazolo- [4,3-b]-1,4- 
benzothiazines and novel 2-pyrazolin-4-spiro-2'-benzo- 
thiazoline derivatives. 

The reduction of 2,3-dimethyl-4-(o-nitrophenylthio) - 
1-pheny1-3-pyrazolin-5-one with catalyzed sodium boro- 
hydride, and subsequent treatment with hydrochloric acid 
gave rise to an unexpected product, 4-(2-amino-5-chloro- 
phenylthio) -2,3-dimethyl-1l-pheny1-3-pyrazolin-5-one. 
Closer investigation revealed that the action of hydro- 
chloric acid on 4-(o-hydroxylaminophenylthio) -2,3-di- 
methyl-1l-pheny1-3-pyrazolin-5-one and on 4-(o-hydroxyl- 
aminobenzylidene) -3-methyl-1-pheny1l-2-pyrazolin-5-one 
yielded chlorinated compounds. An extention of this reac- 
tion to the treatment of benzothiazine and benzoxazine 
hydroxamic acids with hydrochloric acid was found to give 
lactam derivatives which contained chlorine. 

During the course of this work,an occasion arose to 


prepare 4-acetoxy-3,4-dihydro-3-oxo-2H-1,4-benzothiazine 
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from the hydroxamic acid, 3,4-dihydro-4-hydroxy-3-oxo-2H- 
1,4-benzothiazine. It was found that the reaction of 
this hydroxamic acid with acetyl chloride gave the de- 
sired 4-acetoxy derivative; however, when acetic an- 
hydride was employed as the acetylating agent, the 2- 
acetoxy lactam was formed. Similar reactions were car- 
ried out on 3,4-dihydro-4-hydroxy-3-oxo-2H-1, 4-benzo- 
xazine. In this instance it was found that treatment of 
this hydroxamic acid with acetyl chloride yielded the 4- 
acetoxy derivative, whereas the action of acetic anhydride 
unexpectedly gave rise to 6-acetoxy-3,4-dihydro-3-o0xo-2H- 
1,4-benzothiazine. Rearrangements involving the acetoxy 
groups of these acetylated hydroxamic acids were also 


investigated. 
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INTRODUCTION 


The initial purpose of the project described in this 
thesis was to determine whether reductive cyclizations of 
appropriate aromatic nitro compounds would yield new cyclic 
N-hydroxy compounds which were required for pharmacological 
evaluation. A brief review of the information available on 
cyclic N-hydroxylamines is now given. 

The most commonly known cyclic N-hydroxy compounds are 
the hydroxamic acids. These compounds are characterized by 
the presence of the hydroxamate grouping (1), i.e., they are 
N-hydroxy lactams. Reviews on these compounds have appeared 
recently in the literature (Coutts, 1967, 1967a; Bapat, Black, 
and Brown, 1969). Since this information is readily available, 
the discussion which follows will be restricted to those 
N-hydroxy derivatives which may be more correctly defined as 


cyclic N,N-dialkylhydroxylamines (2). 
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Because these compounds are indexed in abstracts under 
the name of the parent cyclic amine, a complete literature 
search for N-hydroxy compounds is nearly impossible. As a 


result, the following discussion, while extensive, is not to 
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be considered as an exhaustive review. It is meant to be 
simply an outline of the methods of synthesis and some of 


the chemical properties of cyclic hydroxylamines. 


Syntheses 
Reduction of Nitrones 

A common method of synthesizing cyclic hydroxylamines 
involves the reduction of a class of N-oxide derivatives 


generally known as nitrones (3). 


W 


Nitrones, recently the subject of a review themselves, 
(Delpierre and Lamchen, 1965) are readily prepared by the 
oxidation of heterocyclic compounds, by the alkylation of 
oximes, or by the reduction of suitably substituted nitro 
aldehydes and ketones. It is of interest that one synthetic 
route is by mild oxidation of N,N-disubstituted hydroxylamines. 

Bonnett and co-workers (1959) found that /\'-pyrroline 
l-oxides were readily reduced to cyclic secondary hydroxyl- 
amines with aqueous potassium borohydride. For example, 
whereas the reduction of 2,4,4-trimethyl- /\'-pyrroline 1l-oxide 
(4) with tin and hydrochloric acid gave 2,4,4-trimethyl- 


pyrrolidine (5), and milder agents such as zinc dust and 


- ponimetyxoxbed di toys enésiesiisye He ti ——— 
*y ts eevi devi tab samen, #6 ‘aesto 6 io dotdoubsa odd! 
Me ih ahete pei) (€) eongudia a6 wort 


sRovisameds Weives 8 to toetdue onit Lataieiaiol ns — 
ott xe beusgong yibeox 2x6 (8deL snaclomed Bas ¢ Hew et sa 

to moi tetyate oda eal \ebnvogmos, oiloysereded to. 
tA ; oxtia pesusttedue vidsstue to noitoubox edt we 0 

pidedtanye: 7, doris sesuetai to ek ORE Penoaet bas 


: j rea ene LP Me hat or ‘ 
2 ale oh 5. ie home , vt “s 
a Aa Si is iv aad 
\ = i 


- 
|= Py | 
Pei 

7 


acetic acid, or sulfur dioxide in chloroform yielded the 
Z\ '-pyrroline derivative (6), reduction in aqueous potassium 
borohydride gave a good yield of l-hydroxy-2,4,4-trimethyl- 


pyrrolidine (7). 
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Similarly, 1,5-dihydroxy-3,3-dimethylpiperidine (8) 
was prepared by the potassium borohydride reduction of 1,2, 
3,4-tetrahydro-3,3-dimethyl-5-oxo-pyridine l-oxide (9) 


(Brown, Clark: and Todd, 1959a). 
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Other borohydrides have also been used for this pur- 
pose. During the synthesis of benzodiazepine derivatives, 
it was found that sodium borohydride in diglyme could be 
used in a ring-expanding reduction procedure to-convert 
10 to the N-hydroxy compound (11) (Hoffmann - La Roche, 
1966). The same compound (11) was also prepared by the 
action of tetramethyl ammonium borohydride and lithium 
borohydride on compounds 12 and 13 respectively. Other 
related N-hydroxy derivatives have also been reported 


(Field, Zally and Sternbach, 1966). 


H 
EU ies eee 
CHC! 
Na BH | CH 
C| Zo C| N 
NN 
OH 
Ph Ph 
10 aa 
N 
NN Ge 
| Bee 
Yj H, C\ N 
\ 0 
0 Ph 
12 1a 


Addition to Nitrones 

Cyclic hydroxylamines can also be prepared by adding 
various reagents across the double bond of the nitrone. 
Grignard reagents are the ones most commonly used. Allyl- 


magnesium bromide, for example, reacts with 5, 5-dimethyl- 


at : | 


ae a ce 
| oe aay wt Sa need 


ve 


ens yd bbe defies Baw wer) uma ne ae 
model Dns. abi zhydoxod mak nonin 


meri0 .ylevigosges: EL ins Sf) ebavoaics | fo 


‘petioqex mood oats ‘event aevidsvizeb ‘eee 
. (882 fdosdntet2. bas ets 


A '-pyrroline l-oxide (14) to form 2-allyl-1-hydroxy-5, 5- 


dimethylpyrrolidine (15) (Delpierre and Lamchen, 1963). 
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In a similar manner, Bonnett and co-workers (1959) 
prepared l-hydroxy-2,2,4,4-tetramethylpyrrolidine (16) from 
2,4,4-trimethyl-/\'-pyrroline l-oxide (4) and methylmagnesium 
bromide. The 2-ethyl-2-methyl derivative of 16 was also 


prepared by using ethylmagnesium bromide. 
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Kato and Yamanaka (1965) were able to prepare l-hydroxy- 
2-phenyl-1,2-dihydropyridine (17) and 1-hydroxy-2-phenyl-1, 2- 
Gihydroquinoline (18) by the action of phenylmagnesium bromide 
on pyridine l-oxide (19) and quinoline l-oxide (20) respec- 
tively. It should be noted that attempts to repeat these 


reactions using 4-substituted quinoline l-oxides (21) failed 
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tovyieldsany* l-hydroxy compounds. Only derivatives of 2- 
phenylquinoline (22) and 2-phenylquinoline l-oxide (23) 


were isolated. 
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These observations are in agreement with similar re- 
sults obtained by Hayashi and Higashino (1964). These in- 
vestigators found that the reaction of 4-isopropylquinazol- 
ine l-oxide (24) with phenylmagnesium bromide gave rise to 


2-phenyl-4-isopropylquinazoline l-oxide (25). No N-hydroxy 


derivatives were reported. 
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4-Hydroxy-5-phenyl-7-chloro-1,3,4,5-tetrahydro-2H-1, 4- 
benzodiazepin-2-one (26), a compound structurally related to 
the previously described benzodiazepines (11), has been pre- 
pared by the action of phenylmagnesium bromide on the N-oxide, 


27 (Grindstedvaerket, 1967). 
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Other reagents have been found to add across the N- 
oxide function of nitrones. Hydrogen cyanide is reported to 
react with A\'-pyrroline l-oxides (28) and give rise to 2- 


cyano-l-hydroxypyrrolidines (29) (Bonnett et al, 1959). 
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Bower ing and co-workers (1963) have found that base 
catalyzed addition of nitro alkanes to nitrones gives 2- 
substituted N-hydroxy compounds. An example of this is the 
addition of nitroethane to 5-carbethoxy-5-methyl- A'-pyrroline 
l-oxide (30) in the presence of Triton B (aqueous benzyltri- 
methylammoniumhydroxide) which results in the preparation of 


5-carbethoxy-1-hydroxy-5-methyl-2- (l-nitroethyl) -pyrrolidine 
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The same investigators have reported that reduction of 
a nitrobutyraldehyde derivative (32) by means of zinc dust 
and aqueous ammonium chloride resulted in the formation of a 
nitrone-hydroxylamino compound (33). Similar nitrone- 
hydroxylamines have also been prepared by a base catalyzed 
aldol type of condensation involving two nitrones. While 


most nitrones show little tendency to dimerize on storage, 
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Brown and co-workers (1959) found that 2,4,4-trimethyl-A\'- 
pyrroline l-oxide (4) would react with 4,5,5-trimethyl- A'- 
pyrroline l-oxide (34) or 3,3,5,5-tetramethyl- A'-pyrroline 
l-oxide (35) in the presence of triphenylmethylsodium to 
yield two nitrone-hydroxylamines. These products were iden- 
tified as 2-(1'-hydroxy-4',5',5'-trimethylpyrrolidin-2'- 
ylmethyl) -4,4-dimethyl-A '-pyrroline l-oxide (36) and 2-(1'- 
hydroxy-3',3',5',5'-tetramethylpyrrolidin-2'-ylmethyl1) -4,4- 


dimethyl- A'-pyrroline l-oxide (37) respectively. 
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Similarly, the treatment of 4,5,5-trimethyl- /A'- 
pyrrolidine l-oxide (34) with triphenylmethylsodium gave a 
low yield of 3-(1'-hydroxy-4',5',5'-trimethylpyrrolidin-2'- 


yl) -4,5,5=-trimethyl- A'=pyrroline l-oxide (38). 
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These investigators have also reported that a dihydroxy 


derivative, 1,1'-dihydroxy-4,4,4',5',5'=pentamethyl-2,2'-di- 
pyrrolidinylmethane (39), can be prepared by the reduction of 


36 with aqueous potassium borohydride. 
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Reductive Cyclizations 


Cyclic hydroxylamines have also been prepared by 


reductive cyclization of suitable precursors. It is well 


known that oximes are readily synthesized from the inter- 
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action of hydroxylamine with aldehydes and ketones. Nitrones 
are formed if N-substituted hydroxylamines are used. If the 
hydroxylamine and carbonyl functions are suitably orientated 
in the same molecule, the products are usually cyclic 
nitrones, In fact, the reduction of ¥Y%-nitro-aldehydes or 
ketones with zinc dust and aqueous ammonium chloride can be 
considered as a géneral synthesis of five-membered cyclic 
nitrones (Bonnett et al, 1959). However, there have also 

been several reports in which the reduction of nitro carbonyl 
compounds have given rise to cyclic hydroxylamines rather than 
the expected nitrones. 

Reissart (1897) investigated the reduction of 2-nitro- 
phenylpyruvic acid (40) and found that whereas reduction with 
Zinc and acetic acid gave indole=-2-carboxylic acid (41), 
reduction with sodium-amalgam gave a good yield of l=-hydroxy- 
indole-2=carboxylic acid (42). Similar results were ob- 


tained when 4-methyl-2-nitrophenylpyruvic acid was reduced. 
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The preparation of 1l-hydroxyindole-2-carboxylic acid 
(42) by the reduction of either o-nitrophenylpyruvic acid or 
its methyl ester with sodium borohydride in the presence of 
palladium-charcoal has also been reported (Coutts and Wib- 
berley, 1963). 

Several N-hydroxyindole derivatives are obtained when 
the oximes of 2-nitrophenylpyruvic acid and its ethyl ester 
(43) are catalytically hydrogenated (Baxter and Swan, 1967). 
For example, when oxime 43 (R=H; X=NOH) was hydrogenated 
over Adam's catalyst, and the product esterified, the methyl 
esters of indole-2-carboxylic acid (44) and 1-hydroxyindole- 
2-carboxylic acid (45) were isolated. The esters, present 


in a ratio of 2:3, were separated by chromatography. 
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Gabriel and Gerhard (1921) have reported the results 
of reducing o-nitrobenzoylacetone (46) with stannous chloride 


and hydrogen iodide. This gave rise to an oxygenated prod- 
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uct which these investigators felt could be represented by 


one of the following structures, 47, 48 or 49. 
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This work was investigated further by McCluskey (1922), 
who was able to reduce ethyl o-nitrobenzoylacetoacetate (50) 
with stannous chloride and hydrochloric acid in acetic acid 
to 3-carbethoxy-4-hydroxy-2-methylquinoline l-oxide (51). By 
hydrolysis and decarboxylation of 51, McCluskey was able to 
prepare 4—hydroxy-2-methylquinoline l-oxide (49) which was 
found to be identical to the oxygenated compound reported 


by Gabriel and Gerhard. 
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The hydrogenation of 3-(3,4-methylenedioxypheny]1) -4- 


nitro-l-phenyl=-l-butanone (52) over platinum black resulted 
in three products, the amino ketone (53), the pyrrolidine 


(54), and a hydroxylated pyrroline, which Kohler and Drake 
(1923) identified as either 55 or 56. 
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56 
These results were questioned by Kloetzel and Pinkus 
(1958) who reduced 52 with hydrogen over platinum black and 
Raney nickel and with zinc dust and aqueous ammonium chlor- 
ide, but they were able to isolate only one product, 4-(3,4- 


methylenedioxyphenyl) -2=phenyl- A'=-pyrroline (57). 


5/ 58 


In an attempt to clarify these reports, Bonnett and 
co-workers (1959) investigated further the reduction of 52 


with zinc dust and aqueous ammonium chloride. These workers 
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obtained a 40% yield of 4-(3,4-methylenedioxyphenyl) -2- 
phenyl-/A\'-pyrroline l-oxide (58). Physical data confirmed 
that this compound was identical to the oxygenated compound 
reported by Kohler and Drake. 

Mausseron=-Canet, Boca and Tabacik (1967) isolated an 
oxygenated product, which they identified as 2—-methylindolenine 
l-oxide (-59), from the reduction of o-nitrobenzylmethylketone 
(60) with zinc and ammonium chloride. Extensive n.m.r. 
studies by these workers have shown that the nitrone (59) 
and the enolic tautomer (61) exist in an equilibrium. The 
relative proportions of the two tautomers that are present 
in solution depends on the nature of the solvent. In very 
polar solvents, such as phenol, for example, the solution 
contains 100% of the nitrone (59), while in less polar 
solvents such as acetonitrile, only the l=hydroxy tautomer 


(61) is present. 
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Narang, Ray, and Singh (1934) were able to prepare an 
N-hydroxy compound, 3a,4,9,9%a-tetrahydr o-9-hydroxy~3-methyl- 
1=pheny1-1H-pyrazolo- [3,4-b] -quinoline (62) by reducing 3- 


methyl-4— (o-nitrobenzylidene) -1-pheny1l-2-pyrazolin-5-one (63) 
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with either aluminum—amalgam or with zinc dust and acetic 


or hydrochloric acid. 
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Coutts and Edwards (1966) extended this work to study 
the reduction of related 4-(o-nitrobenzylidene) -2-pyrazolin- 
5-one derivatives. These investigators found that while a 
reducing system of either zinc dust and acetic acid or 
sodium borohydride and palladium=-charcoal did yield some 
N-hydroxy derivatives, consistent results were obtained only 
when cyclohexene and palladium=-charcoal were employed as the 
reducing agent. A fourth method, using hydrazine hydrate 
and palladium=-charcoal, was abandoned when it was found that 


this reagent caused the degradation of the pyrazolone ring. 


Syntheses from o-Substituted Nitrobenzenes 


The rather extensive studies on the substituent inter- 
actions of o-substituted nitrobenzenes have been the subject 
of a review (Loudon and Tennant, 1964). Frequently the 


products arising from these acid and base catalyzed reactions 


on , : i iG ” “Ly 
, came omar | } : 5 bed, at ” Ws ‘ o ; Pe i F) mi 
i y Mo A ; : 47 * ys i e ee ol ae 


| bigeoe ne: sa ans: apn nO) es 


$9 


y 
wa oF atow ainy babretses (ade L) ebwaiwioa Bis’ esweo 

i mnuloseaies- (etabi Fysnsdoxtio~ol+6. besten to noktoube: 
a ee ol taw seit bripot e10tsbi daowint seeat si 8 
a reine bios cl tes" Bas tab pHis” fulbae! te madaye 
a pe emoz biety bk Ebon xsdb-muibalt eq bas. abil 
‘yea: beat ssc exaw eiiness dns seteaos | Bevi teviexe yROW ya 
ods, as beyolgms anew Leon tenie-mnEbel Goat Erienés, Sey sie "7 
a veteabyd sais 5% py brieu: spolgen, ABsvod A’  S08R pak os 
ed Bavot asw sk natin bangbaads esw feearratovandibe Liq: fe 
| Lie va Yi 


7 aa eno Loss ty erie ‘to mai sbaxoem ortt Seni uaeetl imepnes abd 
7 fi | 4 4 i 


f q 


74s he Ee 


= ere 


have been identified as N-hydroxy compounds. 


Cyclizations involving alkali 


Loudon and Wellings (1960) investigated some base 
catalyzed reactions of diethyl &-cyano- %=-2-nitrobenzyl- 
malonate (64) and its hydrolysis product, diethyl co- 
carbamoyl- &%-2-nitrobenzylmalonate (65). They found that 
the action of ethanolic potassium hydroxide on 64 gave the 
hydroxamic acid (66); however, when 64 was treated with sod- 
ium carbonate, ethyl 3-cyano-1=hydroxyindole=-2-carboxylate 
(67) was obtained. Similarly, the action of aqueous sodium 
carbonate on 65 gave rise to the corresponding amide-ester 
(68), whereas, the amide~-acid derivative (69) was obtained 
when aqueous sodium hydroxide was employed. The N-hydroxy 
indole ester (67) is readily hydrolyzed with dilute acid to 
ae amide~ester (68), which in turn may be converted to the 
amide~acid (69) with aqueous sodium hydroxide. The action 
of zinc dust and acetic acid readily converted 3-carbamoyl- 
1-hydroxyindole-2-carboxylic acid (69) to 3=-carbamoylindole- 
2-carboxylic acid (70) (Scheme/1)'. 

It was suggested by these investigators that the 


formation of the N-hydroxyindoles involved an intermediate 


of the type shown below (71). 
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A modification of the procedure described above has 
been used for the synthesis of substituted 3-cyano-1l-hydroxy- 
2-phenylindoles (72) (Petracek, 1967). For example, treat- 
ment of an ethanolic solution of ethyl = (o-nitrophenyl) - 
&- (o-nitrobenzyl) cyanoacetate (73) with aqueous potassium 
carbonate yielded 3-cyano-1=-hydroxy=-2=(o=-nitrophenyl]) - 


indole (72; R=0-NO.) « 
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Similar base catalyzed reactions have been adapted to 
the synthesis of benzimidazoles (Loudon and Tennant, 1963). 
Treatment of 2=-nitro-4-phenylacyl-p-toluidine (74) with 
ethanolic potassium hydroxide produced 2-benzoyl—-1-hydroxy- 


6-methylbenzimidazole (75). 
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Other base catalyzed reactions have been reported. 
Reissart (1896) found that the action of aqueous sodium 
hydroxide on 2=-nitrobenzylmalonic acid (76) gave rise to 
1-hydroxyindole-2-carboxylic acid (42). Gabriel, Gerhard 
and Wolter (1923) have also described the formation of 1- 
hydroxy indole-2-carboxylic acid (42) by treating ethyl 
m-(2-nitrobenzyl) acetoacetate (77) with aqueous sodium 
hydroxide. 
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Cyclizations involving acid 
An acid catalyzed cyclization procedure has also been 
reported for the synthesis of 1-hydroxyindole-3-carboxylic 
acid (79) (Askam and Deéks,!\1968) 2. The action of fluoro- 
sulfonic acid on o-nitrophenylsuccinic anhydride (78) gives 
rise to both l-hydroxyindole-3-carboxylic acid (79) and 


oxindolic acid (80). 
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o-Nitrobenzaldehyde reacts with ethyl acetoacetate 
and acetylacetone in the presence of hydrogen chloride to 
Give derivatives of 6-chloro-1-hydr oxy-2-methyl-4-quino- 
lone (8la) (Loudon and Wellings, 1960a). In this way, 
3-acetyl-6-chloro-1,4-dihydro-1—-hydroxy-2-methy1-4-oxo- 
quinoline (81b) was obtained from o-nitrobenzaldehyde 
and acetylacetone. When, however, hydrogen bromide was 
used, the result was the formation of a halogen-free 


l-hydroxy derivative (8lc) (Loudon and Tennant, 1962). 
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The synthesis of a novel N-hydroxypyrazole derivative 
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has recently been reported in the literature. Freeman and 
Gannon (1966) found that nitrosation of 2-methyl-1-phenyl- 
but-l-on-3-one oxime (82) produced 1-hydroxy-4, 5-dimethyl- 
3-phenylpyrazole-2-oxide (83a) which can also exist as the 
2-hydroxy-l-oxide tautomer (83b). This compound was sol- 

uble in dilute alkali, chelated readily with metals, and 

N-hydroxy- 


— 


could be reduced with sodium hydrosulfite to an 
pyrazole (84a or b). While the substitution pattern of this 
pyrazole was not determined, only one product was formed. 
Reduction of 83 with zinc and acetic acid gave rise to 4,5- 
dimethyi-3=-phenylpyrazole (85). This product was also 


obtained from the zinc and acetic acid reduction of 84. 
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Cyclizations involving potassium cyanide 


The action of potassium cyanide on o-substituted 
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nitro compounds has also been shown to produce N-hydroxy 
derivatives. A typical example is the treatment of o- 
nitro~c<-phenylcinnamonitrile (86) or cC-o-nitrophenyl- 
cinnamonitrile (87) with aqueous potassium cyanide which 
yielded a mixture of 2-amino-4-cyano~3-phenylquinoline N-oxide 
(88) and 3-cyano-1l-hydroxy-2-phenylindole (89) (Loudon 

and Tennant, 1960)... By carefully controlling the reaction 


conditions, either of these products could be obtained at 
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Alkaline eile of the N-hydroxyindole (89) also 
resulted in decarboxylation and gave rise to l-hydroxy-2- 
phenylindole (90). This indole had originally been pre- 
pared by Fischer and Hiitz (1895) by treating benzoin oxime 


(91) with concentrated sulfuric acid. 
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An additional means of synthesizing 1l-hydroxy-2- 
phenylindole (90) has been reported more recently. Sund- 
berg (1965), during his investigations of trivalent phos- 
phorous compounds, found that the action of triethyl- 
phosphite on trans-2-nitrostilbene (92) yielded 2-phenyl- 
indole (93) as well as traces of two other compounds (94 
and 95). 1+Hydroxy-2-phenylindole (90) was postulated as 
an intermediate in the formation of these reaction prod- 
ucts. When the reaction was interrupted after one hour 
and extracted with dilute sodium hydroxide and then the 
alkaline solution acidified, l=-hydroxy-2=-phenylindole (90) 


was precipitated. 
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Chemical Properties 


No extensive studies on N-hydroxy compounds have 
been performed, and as a result little is known about 
the ir chemical behaviour. They are acidic; therefore, 
they are readily soluble in dilute alkali and are re- 
precipitated with acid. Due to their highly polar 
character they tend to be high melting solids with a 
relatively low solubility in organic solvents. 

These compounds can be synthesized by the reduc- 
tion of nitrones, and relatively mild oxidation will convert 


them back to nitrone derivatives. Frequently the passage 
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of oxygen (air) into an aqueous solution of the hydroxyl- 
amine in the presence of a suitable catalyst, such as a 
copper-ammonia complex, is sufficient to oxidize these 
compounds (Brown et al, 1959). Other oxidizing agents 

such as mercuric oxide, hydrogen peroxide and potassium 
ferricyanide have also been used successfully (Delpierre 
and Lamchen, 1965). Ferric chloride has been found to 
oxidize the hydroxylamine (96) to the corresponding hydrox- 
amic acid (97) via a nitrone intermediate (Elsworth and 


Lamchen, 1966). 
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Cyclic hydroxylamines readily reduce Tollen's re- 
agent (Habib and Rees, 1962). In some cases the stability 
of the cyclic hydroxylamine and the course of the oxida- 
tion have been found to be dependent on subtle steric 
effects (Delpierre and Lamchen, 1965). The mercuric oxide 
oxidation of l-hydroxy-2=-phenylpiperidine (98), for example, 
gave a nitrone dimer (99) in which the N-oxide group was 
not in conjugation with the aromatic ring, whereas, the 
same reagent oxidized l-hydroxy-2-phenylpyrrolidine (100) 
to a nitrone (101) in which the nitrone double bond and 


the phenyl ring were conjugated. 
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These N-hydroxy compounds react with acetyl, ben- 
zoyl, and toluene=-p-sulfonyl chlorides to form acetates, 
benzoates, and toluene-p-sulfonates. Acetic anhydride has 
also been used as an acetylating agent (Loudon and Well- 
ings, 1960). Studies have shown that the cyclic N-acetoxy 
carbonyl group absorbs infrared radiation in the region 
of 1800 cm7!, As few functional groups absorb strongly 
in this region, the presence of such an absorption band 
in a spectrum is very diagnostic (Loudon and Tennant, 1960; 
Loudon-and Wellings,, 1960, 1960a>*Couttsseteal 1968? 
eG cee, 1965; ‘Ohta and Ochiad,), 1962). sSammes*in. 1965 
investigated the possibility of employing o-acyl-N,N- 
dialkylhydroxylamines as acetylating and benzoylating re- 
agents. N-Benzoyloxypiperidine (102), prepared by the 


action of benzoyl peroxide on piperidine, was found to 
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react with benzylamine and ethyl aminoacetate producing N- 
benzylbenzamide (103) and ethyl hippurate (104) respective- 
ly. N-Acetoxypiperidine was shown to be a more reactive 


acetylating agent. 
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The N-hydroxy function of cyclic hydroxylamines is 
resistant to catalytic reduction. This is illustrated by 
the results of the catalytic hydrogenation of l-hydroxy-2- 
phenyl-1,2-dihydropyridine (17) with palladium-charcoal 
which yielded l-hydroxy-2-phenylpiperidine (98) (Kato and 
Yamanaka, 1965). However, hydrogenation of the acetate, 
benzoate, or toluene-p-sulfonate derivatives of cyclic 


hydroxylamines results in the formation of cyclic amines. 
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On the otherhand, chemical reagents will reduce cyclic 
N-hydroxy groups. Treatment of 1,5-dihydroxy-3,3-dimethyl- 
piperidine (8) with phosphorous and hydriodic acid results 
in the formation of 5-hydroxy-3,3-dimethylpiperidine (105) 
(Brown, Clark, and Todd, 1959a). The usefulness of zinc and 
acetic acid as a reagent for the reduction of N-hydroxy 


compounds was mentioned earlier in this discussion. 
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What appears to be a rather complex reaction of the 
cyclic hydroxylamines is their interaction with mineral 
acid. The work of Loudon and co-workers (Loudon and Wel- 
lings, 1960; Loudon and Tennant, 1962) on the interaction 
of o-nitrobenzaldehyde derivatives with hydrogen chloride 
or hydrogen bromide has been mentioned previously in this 
discussion. A related reaction has been reported by Clark- 
Lewis and Katekar (1959). These investigators found that 
the treatment of 3,4-dihydro-4-methyl=-3-oxoquinoxaline-2- 
carboxy-N=-methylanilide l-oxide (106) with ethanolic hydro- 
gen chloride gave a good yield of a spiro compound, 6- 
chloro-1,2,3,4,2',3'-hexahydro-4,1'-dimethy1-3,2'-dioxo- 


quinoxaline-2-spiro-3'-indole (107). In view of the work 
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described by Heller, Hughes and Ingold (1951) on the in- 
teraction of N-phenylhydroxylamines with hydrochloric acid, 
these workers proposed that the conversion of 106 to 107 


proceeded via an N=-hydroxy intermediate (108). 
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This reaction was reinvestigated by Habib and Rees 
(1962) but attempts by these workers to isolate or prepare 
the N-hydroxy intermediate (108) failed. They did find, 
however, that the action of ethanolic hydrogen chloride on 
3,4-dihydro-4-methy1l=2=- (N-methy1-N-phenylcarbamy1) -3-oxo- 
pyrazine l-oxide (109) yielded the spiro-N-hydroxy deriva- 
tive (110) which is structurally related to the proposed 


quinoxaline intermediate (108). 


ee ee 


‘ re 
0 N0 
> 
nA fie N 
| 
QO CHs HO 9 N 
| 
CH; 
109 110 


Pharmacological Properties 


It is well known that hydroxamic acids possess many 
pharmacological properties (Coutts, 1967; 1967a). Several 
of these compounds are now being used as chemotherapeutic 
agents. Desferrioximine (Desferol) (111), for example, is 
used as a chelating agent for the treatment of iron poison- 
ing, and hydroxyurea (112) is used in the treatment of 
leukemia. Studies have shown that the biological activity 
of the hydroxamic acids is in many cases dependent on the 


presence of the N-hydroxy function. 


HN (CH2) 5N (OH) CO(CH) 9CONH(CH)) « 
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To date, little is known about the pharmacological 
properties of the cyclic N,N-disubstituted hydroxylamines, 
although a few reports have recently begun to appear in 


the literature. 
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N-Hydroxy-benzodiazepine derivatives (11) have been 
prepared for screening as potential anticonvulsants (Hoff- 
Iain =- ba Roche, I966).” Similar Compounds,such as 26), are 
also being investigated for potential central nervous sys- 


tem depressant activity (Grindstedvaerket, 1967). 
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Petracek (1967) found that N-hydroxyindole derivatives 
(72) not only possess central nervous system depressant 
activity but that they are also active adrenolytic agents. 
A number of related N-hydroxybenzimidazole derivatives (113) 
have also been prepared to evaluate their action as central 
nervous system depressants, muscle relaxants and tranquilli- 


zers (Ciba, 1966)... 
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It is apparent from these preliminary reports that 


further investigation of the pharmacological properties of 
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N-hydroxy compounds is justified. 


mcoOpe of the Present. Investigation 


Extensive studies by Coutts and co-workers (Coutts 
and Wibberley, 1963; Coutts, Noble and Wibberley, 1964; 
Coutts, Peel,and Smith, 1965; Coutts and Hindmarsh, 1966; 
Coutts, Barton and Smith, 1966; Coutts and Smith, 1967) 
have shown that aromatic nitro compounds with a suitably 
orientated side chain carbonyl group can be reductively 
cyclized by means of sodium borohydride and palladium-char- 
coal. This work primarily involved the reduction of aromat- 
ic nitro compounds in which the carbonyl group was that of 
an ester or acid. In most cases these reactions gave rise 
to hydroxamic acids (114). It was also found that the re- 
duction of o=nitroketones yielded N-oxide derivatives. 


(Coutts and Wibberley, 1963). 
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These results led to an investigation of the reduc- 
tion of aromatic nitro compounds in which the side chain 
possessed a lactam carbonyl group. As mentioned previously, 
Coutts and Edwards (1966) have investigated the reduction 
of 4-(o-nitrobenzylidene) -2-pyrazolin-5-one derivatives 
(115). The reduction of these compounds with cyclohexene 


and palladium-charcoal did yield the desired N-hydroxy com- 
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pounds (116); however, the catalyzed sodium-borohydr ide 
reductions were less successful. It was felt that the fail- 
ure of these sodium borohydride/palladium-charcoal reduc- 
tions was due to the fact that cyclization required the re- 
duction of both the double bond and the nitro group of 


these compounds. 


IES 116 

For this reason the reduction of 4-(o-nitrophenyl- 
thio) -2-pyrazolin-5-one derivatives (117) was undertaken. 
These compounds were chosen since, unlike the benzylidene 
compounds (115), they do not possess a rigid geometry. It 
is possible for the lactam and the nitro functions of these 
compounds to be freely orientated in close proximity to each 
other, a situation which, it was hoped, would facilitate 


reductive cyclization to N-hydroxy products. 
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The synthesis and the catalyzed sodium borohydride 
reduction of these pyrazolone derivatives (117) was the 
initial purpose of the project described in this thesis. 
These reductions led to a study of the interaction of 
hydrochloric acid with aromatic hydroxylamines and hydrox- 
amic acids, which in turn, resulted in a preliminary in- 
vestigation of a novel reaction involving hydroxamic acids 
and acetic anhydride. This work is described in detail in 


the following discussion. 
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DISCUSSION 


Reduction of Some 4-(o-Nit 


As previously mentioned, the initial purpose of this 
project was to study the sodium borohydride and palladium- 
Charcoal reduction of 4-(o-nitrophenylthio) pyrazolin-5-ones 
(117) to see whether cyclic N-hydroxy compounds could be 
prepared in this way. The four pyrazolone derivatives that 
were chosen for this investigation were 3-methy1l-4-(o-nitro- 
phenylthio) -l-pheny1l-2-pyrazolin-5-one (117a), peeden nee 
phenylthio) -1, 3-dipheny1-2-pyrazolin-5-one Chip) ; 3-methyl- 
4—(o-nitrophenylthio) -2-pyrazolin-5-one (117c), and 2,3- 


dimethy1-4=- (o-nitrophenylthio) -l1-pheny1-3-pyrazolin-5-one 


(18), 
S R S CH 
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Preparations of the 4-(o-nitrophenylthio) -2-pyrazolin- 
5-ones (117a-c) have been reported (Coutts, Hindmarsh, and 
Pound, 1966). One method involved the condensation of o- 
nitrobenzenesulfenyl chloride with the appropriate pyrazolone 


derivative, and this method was employed in the present study. 
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o-Nitrobenzenesulfenyl chloride (119) was readily 
prepared by the cleavage of bis-(o-nitrophenyl) disulfide 
(120) with dry chlorine gas (Hubacher, 1935). The disulfide 
(120) itself, was prepared from o-nitrochlorobenzene, sulfur, 
and sodium disulfide following the procedure reported by 


Bogart anad\Stuil;,(1928) . 


SS SC 
el 
eee. es re 


NO, ON N02 


120 ibis, 


Four pyrazolones were required for these syntheses. 
3=Methyl-1-phenyl-2-pyrazolin-5-one (121la) and 2,3-dimethyl- 
1l-phenyl=-3-pyrazolin-5-one (122) are commercially available; 
1,3-diphenyi-2=-pyrazolin-5-one (121b) was prepared by treat- 
ing ethyl benzoylacetate (123a) with phenylhydrazine (124a), 
and a similar reaction involving ethyl acetoacetate (123b) 
and hydrazine (124b) gave rise to 5a ieee seep eke atid Sone 
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3-Methy1-4= (o=-nitrophenylthio) -1-phenyl-2-pyrazolin-5- 
one (117a) was obtained as a bright yellow solid by reacting 
o-nitrobenzenesulfenyl chloride (119) with 3-methyl-1l-phenyl- 
2-pyrazolin=-5-one (121la). Similarly, the condensation of 
o-nitrobenzenesulfenyl chloride (119) with 1,3-diphenyl-2- 
pyrazolin=5=-one (121b) and with 3=-methyl-2-pyrazolin-5-one 
(121c) gave good yields of 4=-(o-nitrophenylthio) -1,3-di- 
phenyl-2-pyrazolin-5-one (117b) and 3-methy1l-4-(o-nitro- 
phenylthio) -2-pyrazolin-5-one (117c) respectively. 2,3- 
Dimethyi-4-(o-nitrophenylthio) -l-phenyl=-3-pyrazolin-5-one 
(118) was also prepared from the interaction of o-nitro- 
benzenesulfenyl chloride (119) and 2,3-dimethy1l-1-phenyl-3- 


pyrazolin-5-one (122) in acetonitrile. 
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Reduction of 3-Methyl-4-(o-nitrophenylthio) -1-phenyl-2- 


pyrazolin-5-one (117a) 

Most reactions using metal hydrides are carried out 
in organic solvents, frequently under anhydrous conditions. 
The course of the reaction is often influenced by the 
nature of the solvent employed (Brown, 1962). Diglyme and 
dioxane are two organic solvents that are commonly used. 
Coutts and co-workers found dioxane to be a suitable solvent 
for their catalyzed sodium borohydride reductions (Coutts 
and Wibberley, 1963; Coutts and Hindmarsh, 1966), although 
ethanol and methanol were also used successfully (Coutts, 
Barton sand Smith, 1966; Coutts «and smith, 1967)", the 
previously mentioned reductions of (o-nitrobenzylidene) - 
pyrazolones (115) (Coutts and Edwards, 1956) were all per- 
formed in dioxane. 

In the present study, dioxane was used initially as 


the solvent in the catalyzed sodium borohydride reductions 
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of the 4-(o-nitrophenylthio) -2-pyrazolin-5-ones (117a-c). 
These reductions met with only limited success in that the 
reduction of 3-methy1-4-(o-nitrophenylthio) -l-phenyl-2- 
pyrazolin-5-one (117a) in dioxane was the only reaction 
from which any product was recovered. The product: isola- 
ted from this reaction was soluble in dilute sodium hydrox- 
ide solution, and its infrared spectrum was devoid of any 
carbonyl absorption. These facts, together with the elemen- 
tal analysis of this compound, suggested that it might well 
be the desired N-hydroxy derivative (125). However, sub- 
sequent work in the present project involved the reduction 
of the nitro compound (117a) using sodium hydroxide solu- 
tion as solvent. This reaction yielded another product 
which was also soluble in sodium hydroxide solution. A 
microanalysis of this compound showed that it was isomeric 
with the above reduction product. It was, therefore, 
imperative that the identity of the product obtained from 
the reduction performed in dioxane be positively estab- 
lished at this stage. This compound has been identified 

as 4-(o-aminophenylthio) -3-methy1l-1-phenyl-2-pyrazolin-5- 


one (126) for the reasons which follow. 
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The product analyzed satisfactorily for C16H15N30S, 
a formula supported by its mass spectrum. It was soluble 
in cold dilute sodium hydroxide solution and was reprecip- 
itated as the pyrazolone (126) by the addition of. acetic 
acid, or as the hydrochloride salt of 126 by adding dilute 
hydrochloric acid. It formed a monoacetate when reacted 
with acetic anhydride. As expected, reduction of 3-methyl- 
4-(o-nitrophenylthio) -l-phenyl=-2-pyrazolin-5-one (117a) 
with iron and ferrous ammonium sulfate also produced the 
amine (126). It is known that aromatic nitro compounds 
are fully reduced to amines by this type of reducing sys- 
tem (Hickinbottom, 1959; Hodgson and Hathaway, 1944). 
The infrared spectrum of 126 showed two absorption maxima 
at 3145 and 3295 cm}, Although these peaks were at un- 
usually low wavenumbers, they were considered to be indic- 
ative of a primary amine. The possibility that the amine 
function is strongly hydrogen bonded to the lactam carbonyl 
may account for this shift (Bellamy, 1968b). The infrared 
spectrum of the hydrochloride salt of this product displayed 
a broad absorption band with maxima at 2640 and 2900 re 
which was attributed to the presence of a protonated prim- 
ary amino function in the molecule (Nakanishi, 1964). The 
absence of a carbonyl stretching band in the spectrum of 
this compound was not surprising. It has been found that 
the 4-(o-nitrophenylthio) -2-pyrazolin-5-ones (117a-c) exist 
in enolic forms in the solid state (Coutts, Hindmarsh and 


Pound, 1966). This implies that the structure of 4-(o- 
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aminopheny1thio) -3-methyl-1-phenyl-2-pyrazolin-5-one (126) 


can be more correctly written as the enolic tautomer (126a). 


S CH; 5 
| | pense me sia 
NH, 0 N~ NH, HO 
Ph 
126 126a 


The nuclear magnetic resonance (n.m.r.) spectrum of 
the product also supports structure 126. This spectrum 
possesses a three-proton singlet at 77.79 (CH, ) anda 
broad multiplet between 72.10 and 3.54 which integrated 
for twelve protons. When this aromatic portion of the 
spectrum was expanded, it was possible to detect a broad 
two-proton signal, centered at 73.19, which exchanged 
when the sample was treated with deuterium oxide. 

The use of dioxane as a solvent for the sodium boro- 
hydride and palladium-charcoal reduction of 4-(o-nitro- 
phenylthio) -1, 3-diphenyl-2-pyrazolin=5-one (117b) and 3- 
methyl-4—(o-nitrophenylthio) -2-pyrazolin-5-one (117c) proved 
to be quite unsatisfactory. Only trace amounts of solid 
products were recovered from these reactions. It was felt 
that the low solubility of these nitro compounds in dioxane 
was the primary reason for these low yields of products. 

Because of their ability to enolize, the three pyra- 


zolones (117a=-c) are soluble in dilute alkali. © In view of 
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this, the catalyzed sodium borohydride reductions were re- 
peated using dilute sodium hydroxide solution as the sol- 
vent, and in all instances, good yields of a reduction 
product were obtained. The most effective way of reducing 
3-methyl-4-(o-nitrophenylthio) -l-phenyl-2-pyrazolin-5-one 
(117a) was to dissolve it in dilute sodium hydroxide solu- 
tion and to add this solution slowly to an aqueous solu- 
tion of sodium borohydride in which palladium-charcoal 

was suspended. Acidification of the filtered reaction mix- 
ture with either hydrochloric or acetic acid yielded a cop- 
ious cream-colored product. Purification of this compound 
proved difficult. When the product was treated with any of 
the common organic solvents such as ethanol, benzene, or 
dioxane, it would not crystallize. Only dark oily semi- 
solids were recovered, although on one occasion a small 
amount of relatively pure product was obtained by recrys- 
tallization from acetic acid. Eventually a method of pur- 
ification involving adsorption chromatography on a silica 
gel column was perfected. When benzene/ether (3:2) was 
used as the solvent, two wide pale yellow bands moved down 
the column very close together. When the eluate containing 
the first band was concentrated on a film evaporator, a 
yellow solid (product A) (precipitated inv low yield.) The 
eluate containing the second band was collected and evapor- 
ated leaving a yellow oil. Trituration of this oil with 
ethanol yielded a second yellow crystalline product (prod- 


uct B). Only small amounts of dark oils were recovered by 
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further elution of the column with more polar solvents. 
These were not investigated. 

Evidence is now presented which enables the identifi- 
cation of products A and B as 9, 9a-dihydro-9-hydroxy-3- 
methyl~1-phenyl-1H-pyrazolo-[4,3-b]-1,4-benzothiazine (125) 
and 3-methy1-5-oxo-1-pheny1-2-pyrazolin-4-spiro-2'-benzo- 


thiazoline (127) respectively. 
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Product A gave an elemental analysis which satisfied 
a molecular formula of Ci Hy 5N308- This formula was sub- 
stantiated by an accurate mass determination of the molec- 
ular ion (m/e 297) in the mass spectrum of this product 
(Figure 3; Scheme 3; page 59). The infrared spectrum of A 
was different from that of the pyrazolone (117a) from which 
it was derived, and the absence of any absorption peaks 
that could be attributed to a nitro function suggested that 
the reduction of the nitro group had occurred. Since: it is 
known that the 2-pyrazolin-5-ones are relatively resistant 
to: both reduction and the action of alkali;it can be as- 


sumed that the pyrazole ring system remained intact in the 


reduction product (A). The heterocyclic ring of the 2- 
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pyrazolin-5-ones is stable, for example, to catalytic re- 
duction. In fact, aromatic substituents can be catalytic- 
ally reduced to cyclohexyl groups without reduction of 

the heterocyclic ring occurring (Wiley and Wiley,. 1964). 
The 2-pyrazolin-5-ones are also stable in alkali. It has 
been shown that this ring system is resistant to hydrolysis 
by means of sodium hydroxide solution (Seibert, 1947). The 
presence of a three-proton singlet (CH) ator tae. Wiis: ite 
n.om.r. spectrum of the N-hydroxy compound (A) is also con- 
sistent with an intact pyrazole ring. The corresponding 
methyl group in the starting material (117a) came to reson- 
ance at 77.85, and the same group in the primary amino 
déuivative (126) gave a singlet at 77.79. It can. be con- 
cluded that there are only four possible structures for 
this reduction product. These are compounds 126, 128, 129, 
and 125, all of which possess the molecular formula, 
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The possibility of product A possessing structure 126 
is readily eliminated. Compound 126 was isolated and char- 
acterized as described earlier. Its melting point, infra- 
red spectrum and physical characteristics differed greatly 
from those of A. 

Structure 128 was also considered to be an unlikely 
possibility. The fact that the reduction product was 
readily soluble in cold dilute sodium hydroxide solution 
and was reprecipitated unchanged by acidification with 
either hydrochloric or acetic acid suggested this. Compound 
zo is a tertiary alcohol and it is wnlikely that this pro- 
duct would be soluble in alkali without structural mod- 
iiicat ion. 

Product A is easily converted into the spire compound, 
3-methyl=5-oxo-1-phenyl=-2-pyrazolin-4-spiro-2'-benzothiaz-—- 
Slime: (127). (This conversion is discussed in detail on 
page 57). Structure 129 was given serious caomsideration 
at this point since a mechanism for its conversion to the 
spiro-compound (127) is readily apparent, as shown below. 

However, the fact that product A was acidic and 
easily dissolved in cold dilute alkali suggested that struc- 
ture 129 was not appropriate. It is known that the iso- 
xazolidines (cyclic 5-membered -NH-O- compounds) are strong 
bases (Quilico, 1962). From this it seems unlikely that 
compound 129 would exhibit acidic properties. It is con- 
ceivable that this compound (129) could be soluble in 


alkali due to the rupture of the nitrogen to oxygen bond, 
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however, it is unlikely that the compound would be repre- 
Ccipitated unchanged on acidification of the alkaline sol- 


ution. 
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Therefore, based on the above observations, com- 
pounds 126, 128 and 129 were eliminated as possible struc- 
tures of the reduction product. This leaves structure 125 
as the most acceptable one. The infrared spectrum of 
product A was in full agreement with this conclusion. The 
broad adsorption band from 2400 to 3500 om? has been at- 
tributed to the presence of the N-hydroxy function. This 
assignment is supported by unpublished work of Coutts and 
El-Hawari which involved the preparation of 1l-hydroxy-2- 


phenyl-1,2-dihydropyridine (17). The infrared spectrum of 
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this compound possesses a broad absorption band from 2400 


1 1 which must be due 


to 3450 cm ~~ with a maximum at 3180 cm™ 
to the presence of the N-hydroxy group. The presence of 
a weak maximum at 3220 ae in the spectrum of product A, 
suggestive of an NH grouping, does not contradict the 
assumption that product A possesses structure 125. This 
can be explained by the fact that 125 could easily exist 
in a tautomeric form (1254125a), since it is known that 


the pyrazolones do exist as tautomers (Katritsky and Lagow- . 


Siait, 0963) . 
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Attempts were made to prepare a chemical derivative 
of product A. Efforts to acetylate this product with 
acetic anhydride were unsuccessful. This reaction yielded 


only black oils which would not crystallize. It was pos- 
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sible, however, to benzoylate A. A solution of this re- 
duction product (A) in cold dilute sodium hydroxide solu- 
tion, was treated with benzoyl chloride and in this way a 
red oil was formed. Chromatography of this semisolid gave 
several dark oils, one of which solidified on repeated 
trituration with petroleum ether (product C). Mass spec- 
tral analysis of C revealed that tribenzoylation of A had 
occurred (Figure 1). This spectrum possessed two ions at 
m/e 609 and 399. Accurate mass determinations indicated 
that these ions possessed molecular formulae C35H,5N30,8 
and C53H)7N3058 respectively. 

It is seen that a tribenzoyl derivative of A (130) 
would have a molecular weight of 609, and that the loss of 
two benzoyl groups (PhCO) from such a derivative could give 
rise to the formation of an. ion of m/e 399 WThe@loss’ of two 
Beoy) groups (PhCO) from 130 could give rise to such a 
fragment (Scheme 2); however, the possibility of benzoyla- 
tion having occurred at the nitrogen of the pyrazoline ring 
or even in the aromatic ring must not be overlooked. 

The significant fact is that product )\Csedoes possess an 
N-benzoyloxy function. Evidence found in the mass spectrum 
and infrared spectrum of C indicates this. 

The mass spectrum of C (Figure 1) displayed a peak at 
m/e 488. A strong metastable peak at m/e 391.0 indicated 
that this fragment arose from the direct loss of 121 mass 
units from the molecular ion (m/e 609). It is seen that the 


loss of a benzoyloxy radical (PhCOO-) from 130 would account 
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for this fragmentation. 

This conclusion is also supported by the infrared 
spectrum of product C. This spectrum showed a strong 
carbonyl absorption band at 1758 om, This peak may be 
attributed to the presence of an N-benzoyloxy function 
because the infrared spectrum of 1l-benzoyloxy-2-phenyl-1, 
2-dihydropyridine (131) possesses carbonyl stretching at 
1755 cm7+ which must obviously be due to the N-benzoyloxy 
carbonyl function. It is known that the carbonyl absorp- 
tion band of benzoates (PhCOOCR 3) appears in the region of 
1720 cmt (Bellamy, 1968). The carbonyl stretching band 
of n-propylbenzoate, for example, is located at 1720 em + 
(Coutts, 1969a). Benzamides (PhCONH-) absorb at even 
lower wavenumbers (Bellamy, 1968a). The infrared spectrum 
of benzamide itself, possesses carbonyl absorption at 1655 
emt (Coutts, 1969). The fact that the carbonyl peak in 
the spectrum of product C appears above either of these 
values eliminates the possibility that the absorption band 
at 1758 cm7! in the spectrum of C could be due to benzoate 
or benzamide absorption. 


This evidence indicates that product C does possess 


an N-benzoyloxy function. Product A,therefore, must contain 


an Ne-hydroxy group as shown in 125. 


* Prepared by El-Hawari by the reported procedure (Kato and 
Yamanaka, 1965). 
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The nsam.rs spectrum of the reduction, product. (A) 
displayed only two signals; a three-proton singlet at 
ayy BOW (CH, ) and a broad twelve-proton multiplet be- 
tween 71.92 and 3.75 which is in full agreement with 
structure 125. The integral of the aromatic multiplet 
indicates that this signal must be masking the signals 
of the protons of both the N-hydroxy function and the 
pyrazole ring. The pyrazole ring protons might be ex- 
pected to appear far downfield due to the electron-with- 
drawing properties of the adjacent sulfur and nitrogen 
atoms. This suggestion is supported by the fact that no 
separate signals for the pyrazolone protons are detected 
in the n.m.r. spectrum of either the nitro compound (117a) 
or the amine derivative (126). Several reports in the 
literature support the conclusion that the N-hydroxy 
proton comes to resonance in this region. Kato and Yam- 
anaka (1965) have reported the presence of a one-proton 
single teat a ln0.J8 cin ekhécmemin. ospéectrumhofsel=hydnexys2- 
phenyl=1,2=-dihydropyridine (17), which they attributed to 


the N-hydroxy function. Mousseron-Canet and co-workers 
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(1967) found that the hydroxyl proton signal in the n.m.r. 
spectrum of l-hydroxy-2-methylindole (61) appeared within 
the region “). 3295-to-4.-31.—_The-posdiimonzor the signal was 
dependent on the nature of the solvent used. For example, 
in acetonitrile the proton came to resonance at 73.95, 
while in carbon tetrachloride the signal was found at the 
other extreme, 74:31. Attempts to detect the N-hydroxy 
proton in the aromatic signal in the spectrum of product A 
by exchange with deuterium oxide were unsuccessful. 

Infrared and n.m.r. data, therefore, are in agreement 
with the product (A), isolated from the catalyzed sodium 
borohydride reduction of 3=-methy1-4-(o-nitrophenylthio) -1- 
phenyl-2—pyrazolin=-5-one (117a), being 9,9a-dihydro-9- 
hydroxy-3-methyl-1-phenyl-1H-pyrazolo-[4,3-b]|-1, 4-benzo- 
thiazine (125). 

As mentioned before, a second product, (product B) 
was isolated during the purification of the crude product 
from the reduction of 3-methyl-4=(o-nitrophenylthio) -l- 
phenyl=2=pyrazolin-5-one (117a) with sodium borohydride and 
palladium=-charcoal. The identification of this product as 
3-meth yi-5-oxo- 1=-phenyl-2-pyrazolin-4-spiro-2'-benzo- 
thiazoline (127) was based on the following data. An ele- 
mental analysis and an accurate mass determination of the 
molecular ion (m/e 295) in the mass spectrum of product B 
supported a molecular formula of Ci gH 38398 (Piguverci. Dts 
n.m.r. spectrum possessed a three-proton singlet at 7 7.78 


(CH) a broad one-proton signal at 75.26 (NH), which ex- 
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changed on the addition of deuterium oxide, and a complex 
nine=proton aromatic signal between 71.98 and 3.43. The 
infrared spectrum of B contained a strong absorption band 


1 and a sharp peak at 3265 aie Since neither 


au. 1/05 cm 
the infrared spectrum of the crude product obtained from 

the catalyzed sodium borohydride reduction of 3-methyl- 
4-(o-nitrophenylthio) -l-phenyl-2=-pyrazolin-5-one (117a) 

nor that of compound 125 possessed any carbonyl absorption, 
it was felt that product B must have formed from 125 on 

the column during the purification process. The ability of 
the N-hydroxy derivative (125) to convert to the spiro 
‘compound (B) was illustrated by a closer examination of the 
n.m.r. spectrum of 9, 9a-dihydro=-9—-hydroxy-3-methyl=-1-pheny1l- 
1H-pyrazolo~[4,3-b]-1,4-benzothiaz ine (125). This spectrum 
displayed a small peak at 7T 7.73 which, with time, slowly 
increased in size as the methyl singlet at 77.97 decreased 
in size. This suggested that the rearrangement was occur- 
ring in dimethyl sultoxide at room temperature. The re— 


arranged sample from the n.m.r. analysis was recovered and 


shown to be identical to product B. A low yield of B was 
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the only product obtained when 9, 9a-dihydro-9-hydroxy-3- 
methy1-1-phenyl-1H-pyrazolo- |4,3-b] -1,4-benzothiazine (125) 
was heated with dilute hydrochloric acid. The conversion 

of the N-hydroxy compound (125) to the spiro derivative 

(B) also occurred in the mass spectrometer (Figures 2 and 
3). The mass spectrum of 9, 9a-dihydro-9-hydroxy-3-methyl- 
1-pheny1-1H-pyrazolo- [4,3-b]-1,4-benzothiazine (125) (Fig- 
ure 3) possessed a molecular ion at m/e 297 (Cj 6H) 5N30S) and 
a strong peak at m/e 295, corresponding to a molecular form- 
ula of Ci 6H 3N30S - This [M-2]* ion was present even at an 
ionizing potential of 12 eV, and as the temperature of the 
probe (Figure 4) or the length of time of bombardment was 
increased, the intensity of the peak at m/e 295 increased. 
This suggested that the N-hydroxy compound (125) was being 
rapidly converted to the spire pyrazolone (B) in the probe 
of the spectrometer. 

A provisional fragmentation pathway has been outlined 
for compound 125 (Scheme 3). The fragmentation pattern of 
this compound is similar to that of 9,;9a-dihydro-9-hydroxy- 
1, 3-dipheny1l-1H-pyrazolo- [4, 3-b|-1,4-benzothiazine (Scheme 
4, p. 73). One significant difference is the. presence; of 
an ion at m/e 250 in the spectrum of 125. Since this ion 
appears in the spectrum of both compound 125 (Figure 3) and 
the spiro derivative (127) (Figure 2)U 20s pot an iarci- 
fact. Presumably its formation is due to a rearrangement 
involving the methyl group, but at the present time: no 


structure can be proposed for it. 
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Figure 4: Ratio of the intensity of the ions at 
m/e 295 and 297 in the mass spectrum of 
9, Va-dihydr o-9=hydr oxy-3-methyl-1-phenyl- 
1H-pyrazolo- [4, 3-b]-1,4-benzothiazine 
(125) at varying temperatures. 


From these observations, it can be seen that the 
rearrangement of 9, 9a=-dihydro-9-hydroxy=3-methyl-1-phenyl- 
1H-pyrazolo- [4,3-b|-1,4-benzothiazine (125) to 3-methyl- 
5-oxo-1-phenyl-2-pyrazolin-4=spiro=2'=-benzothiazoline (127) 
involves the loss of two hydrogen atoms; i.e., oxidation 
is involved. Since the spiro compound (127) possesses a 
pyrazolone ring system, this rearrangement must involve an 
oxygen migration as well. These facts can be explained 


by the following mechanism. 
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This postulated mechanism is supported by several 
references which appear in the literature. The first step 
in the rearrangement involves the oxidation of the N- 
hydroxy compound (125) to the N-oxide derivative (132). 

It has been reported that N-hydroxy compounds are readily 
oxidized by aerial oxygen in the presence of a suitable 
catalyst (Bonnett et al, 1959), and by various other mild 
oxidizing agents such as ferric chloride and mercuric oxide 
(Delpierre and Lamchen, 1965). It is also known that di- 


methyl sulfoxide is an oxidizing agent (Epstein and Sweat, 


1967). The tendency of 9, 9a-dihydro-9-hydr oxy-3-methyl- 
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1-phenyl-1H-pyrazolo- [4,3-b]-1,4-benzothiazine (125) oO 
rapidly discolor on exposure to the atmosphere suggests 
that it might be susceptible to aerial oxidation. Several 
attempts were made to convert this compound (125)- to the 
spiro compound (127) by oxidation with hydrogen peroxide. 
These were unsuccessful. The only product obtained from 
these reactions was a thick black oil which failed to 
crystallize. It was assumed that these failures were due 
to the known sensitivity of the pyrazolone ring itself to 
oxidation (Veibel and Linholt,;: 1954, 1954a, 1955). Strong 
oxidizing agents such as potassium permanganate are known 
to completely destroy the 2-pyrazolin-5-one ring (von Roth- 
enburg, 1893) « 

The type of nitrogen to carbon migration involved in 
the above mechanism is not new. Examples of similar migra- 
tions in N=-oxides have been reported. Bonnett, Clark, and 
Todd, (19505) found that treatment (of 5,5-dimethyl-A'- 
pyrroline l-oxide (14) with either ultraviolet light or 
hydrogen peroxide resulted in the formation of an epoxide 
derivative (133). Heating this epoxide (133) did not re- 
generate the starting material (14). Instead, rearrange- 
ment occurred giving rise to the amide, 5,5-dimethyl-2- 


pyrrolidone (134). 
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A similar reaction has been reported by Cheeseman 


(1961). This investigator has shown that 3-ethoxy- or 


3-methoxyquinoxaline l-oxide (135), on treatment with 


hydrochloric acid, undergoes an intramolecular rearrange- 


ment and hydrolysis, yielding quinoxaline-2,3-dione (136) 


via the following pathway. 
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The synthesis of 3-methyl-5-oxo-1-phenyl-2-pyrazolin- 
4-spiro-2'-benzothiazoline (127) by an alternate route was 


attempted. This met with little success. 
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Westoo (1952) has reported the synthesis of 4-mono- 
and 4-dihalopyrazolones. This investigator also found that 
the treatment of 4-alkyl-2-pyrazolin-5-ones with halogens 
resulted in the formation of 4-aikyl-4=-halopyrazolones. 
From this it was felt that 4-(o-aminophenylthio) -4-bromo- 
3-methyl-1l=pheny1l=2-pyrazolin=5-one (137) could be prepared 
in a similar manner, and that it should be possible to 
dehydrohalogenate this compound to form the desired spiro 


pyrazolone (127). 
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4~(o-Aminophenylthio) -3=methyl-1-phenyl-2-pyrazolin- 
5-one (126) was acetylated with acetic anhydride prior to 
bromination to reduce the possibility of bromine attacking 
the aromatic ring. The acetate derivative (138), on treat- 
ment with an equimolar quantity of bromine in glacial 
acetic acid, yielded a semisolid product. Recrystalliza- 
tion of this solid from ethanol and acetone gave two com- 
pounds. One of these, a black solid, which was isolated 
in) milligram quantities only, has. been identified as; 3,3:5- 


dimethyl-1,1'-diphenyl- [A4) 4) ~pi-2-pyrazoline]-5,5'-dione 
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(139). The identification of this product is discussed 
below. A good yield of the second product was recovered. 
The following evidence led to the identification of this 
product as the hydrobromide salt of 4-(o-acetamidophenyl- 
thio) -3-methyl-1l-phenyl-pyrazolin-5-one (140). 

The infrared spectrum of the salt (140) possessed a 


i 


peak at 3305 cm ~ which was attributed to amide NH stretch- 


ing, and a strong broad absorption band between 2000 and 


ih 


3500 cm ~ with maxima at 2550, 2600 and 2680 ene which 


138 140 


NEG 


was indicative of the presence of a protonated nitrogen 
function (Nakanishi, 1964). The mass spectrum of this 
product (140) had a molecular ion at m/e 339, which would 
suggest that the product was identical to or isomeric with 


the starting material (138), as well as two strong peaks 
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at m/e 80 and 82, which indicated the presence of hydrogen 
bromide in the compound. The microanalysis of this product 
satisfied the formula Ci gH) gBrN,0.5- When the hydrobromide 
(140) was taken up in sodium carbonate solution and the 
solution acidified with glacial acetic acid, 4-(o-acet- 
amidophenylthio) -3-methyl-1-phenyl-2-pyrazolin-5-one (138) 
was recovered. The identity of the hydrobromide was further 
supported by the fact that 4-(o-acetamidophenylthio) -3- 
methyl=1=-phenyl=-2-pyrazolin=-5-one hydrobromide (140) was 
precipitated when an acetone solution of the acetate (138) 
was saturated with hydrogen bromide. 

Similar results were obtained when 4-(o-acetamido- 
phenylthio) ~3-methyl=-1-phenyl=-2=-pyrazolin-5-one (138) was 
reacted with pyridinium bromide perbromide. A nearly quan- 
titative yield of the hydrobromide salt (140) was obtained. 
In this reaction none of the bis=pyrazolone derivative (139) 
was detected. 

One other synthesis was attempted at this time. This 
reaction involved the treatment of 3=-methy1-4-(o-nitrophenyl- 
thio) -1l=-phenyl=2-pyrazolin=-5-one (117a) with pyridinium 
bromide perbromide. The same black product as described 
above, together with some unreacted starting material, was 
recovered from this reaction. Recrystallization of the black 
product yielded a compound which proved to be 3,3'-dimethyl- 
1,1'-diphenyl- [A*4’ 4 -bi-2-pyrazoline]-5,5'-dione (Pyrazole 
Blue) (139). The identity of this compound was based on 


the following observations. The elemental analysis was sat- 


~ va ee . 


! 


 depoabyrl Ro" aptigeo xg igen pains it wn’ 
touborq eit te @bayionso xin ent ‘Beruogn 
ebindrdowsyd aris sordW a o iy fg 26 
\ 


of ay 1 


excit ae moiduloa: 9 ranodes imide 


(BEL), enora+ ‘aitos siyg~s~lynetig- steasnes tena a 
tend nut Saw ebim ido Taye Bdt to. ys iarteBe er east 
“64 ete es A aaah Bele Jona ind ‘ie 

asw (OL) Shiimotdoxbyri ang~2a spe ony oyneda- f 
(SEL) Sstec5os od to ndiszufoe snodass oe: Rano iq 

| ebimo itd agpo bys dite | | 

Aire ethan one nedw Baha exaw eiless as 


ew (Ser) Sro~e \ ois Losanyg+S- Lymetiq- afi dasa e 


“tsup ylused A \.sbimoxdteq sbhimo-td mul otk aye 
/benaistdo 26W (0 OAL) stlee sbimoxdoxbyd. ary | me ~eteila be 


(@6f) svissviveb enoloséivq-eid ant to ‘Sitfotr nolsaae 


Ly eet TD 
” 


eaety om eBirls a8 betqmes+s eaw ei gorinya waite — 
“fystediqe)tia~o) - => bytden- Eto Jasntdne st ent bavi owt 


Sy 


makes ve ddtw (ave f ) ano~emnd LOS ey SJ Vt on a 
bedincesb as tovboxd soeld OMe ait ‘Seung ; 

ew \teite0 si Prniszsse bayoassrty emoz AD LW i af} 
Aoeld afd to gobdeshifetayxoen 
hogitamib> VE 8 \sd\'os PeVHES sto athe ei 
elosery9) snosb-'e.2- [pactoses dy 
fio beesd gewi bavogmon. eid aes tis 
~ddaesw ebeylsds Latiemsis sin | anek: 


x» 6o = 


isfactory for Co9H16N,902- The mass spectrum of the product 
(139) indicated a molecular weight of 344, and the [M+ 2] */ 
[M]* ratio suggested .the.absence of sulfur.in -the,.molecule. 
It is known that the action of mild oxidizing agents on the 
2-pyrazolin=-5=-ones will result in the formation of bis- 
derivatives of this type (Wiley and Wiley, 1964a). Shirai 
and Yashiro (1955) have reported that some 2-pyrazolin-5- 
ones can be converted to bis=-pyrazolones merely by recrys- 
tallizing them from water. Pyrazole Blue (139) itself, was 
prepared by Knorr (1887) by treating 3-methyl-1-phenyl-2- 
pyrazolin=-5-one (i21la) with such mild oxidizing agents as 
platinic chloride or ferric chloride solutions. 

These reactions suggest that the 4-position of the 4- 
(phenylthio) -2-pyrazolin-5-ones is resistant to attack by 
bromine. This observation is reminiscent of the work per- 
formed by Kinugawa and Ochiai (1964), who found that the 
reaction of ammonium thiocyanate with 2-pyrazolones and 2- 
pyrazolins in the presence of bromine resulted in the for- 
mation of 4=thiocyanate derivatives (e.g. 141—142) of 
these compounds. The fact that no halogen derivatives were 


reported is consistent with the results obtained in this 


thesis. 
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Reduction of 4-(o-Nitrophenylthio) -1,3-diphenyl-2-pyrazolin- 


one (117b) 

When 4-(o-nitrophenylthio) -1,3-diphenyl-2-pyrazolin- 
5-one (117b) was reduced with sodium borohydride and pal- 
ladium-charcoal using sodium hydroxide solution as solvent, 
a good yield of an off-white solid was recovered. Purif- 
ication of this product on a silica gel colum yielded a 
yellow solid which was purified further by recrystalliza- 
tion from ethanol. Elemental and mass spectral analysis 
(Figure 5) confirmed the molecular formula of this compound 
as being Cy 1H, 7N30S. The infrared spectrum and the solu- 
bility properties of this product were similar to those of 
9, 9a~dihydro-9-hydroxy-3-methyl-1-phenyl-1H-pyrazolo- [4, 3-b|- 
1,4-benzothiazine (125). These observations led to the 
conclusion that this product was 9, 9a-dihydro-9-hydroxy- 

1, 3-diphenyl-1H-pyrazolo- [4,3-b|-1,4-benzothiazine (143). 

While the N-hydroxy compound (143) was the only pro- 
duct isolated from the chromatography process, the mass 
spectrum of this product indicated that rearrangement to 
the spiro pyrazolone, 5=-oxo-1,3-dipheny1l-2-pyrazolin-4- 
spiro-2'=benzothiazoline (144), did occur in the mass spec- 


trometer (cf. Figures 5 and 6). 
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The mass spectrum of 9, 9a-dihydro-9-hydroxy-1, 3-di- 
phenyl~-1H-pyrazolo- [4,3-b]-1,4-benzothiaz ine (143) (Figure 
5) possessed abundant ions at m/e 359 ({My*), 3D), AG 329, 
328, 254, and 135. Accurate mass determinations. indicated 
that these peaks corresponded to ions of the following 


evemental Composition: (C_/H eNOS; Co. £NYOs;. C..A uN Ss; 


Zhe ehh 3 Zio 2a bas 
Cop) 5N38, Oa? Ci 4H 9N20S, and CjHLNS. A tentative 


identity of each fragment ion is given in Scheme 4. 

It is known that the reduction of many N-hydroxy 
derivatives with zinc dust and acetic acid gives rise to 
the corresponding amino compound (Loudon and Wellings, 
1960). An attempt to prepare an amine derivative (145) by 
the zinc and acetic acid reduction of 9,9a-dihydro-9- 
hydroxy~1,3-diphenyl-1H-pyrazolo- [4, 3-b]-1, 4-benzothiazine 
(143) was unsuccessful. The only compound isolated from 
this reaction was the spiro pyrazolone, 5-oxo-1,3-diphenyl- 
2-pyrazolin-4-spiro-2'=-benzothiazoline (144). This prod- 
uct was identified from its elemental analysis, which was 
satisfactory for a molecular formula of C5 1H) _N30S, its 
mass spectrum, ({m]* at m/e 357) (Figure 6), and its infra- 
red spectrum which possessed a strong carbonyl absorption 


bandvat 17/18 ane and NH stretching at 3370 ani 


Since it has already been proposed that the rearrange- 
ment of these N=-hydroxy compounds to the spiro pyrazolones 
involves an initial oxidation to the N-oxide derivative, 
the above rearrangement under reducing conditions can only 


be explained if the conversion occurred before zinc dust 
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was added to the hot acid solution. This conclusion was 


confirmed by heating a sample of 9, 9a-dihydro-9-hydroxy- 
1, 3-diphenyl-1H-pyrazolo- [4,3-b] -1,4-benzothiazine (143) 
fie glacial “acetic acid. .-A. good *yteld.or the yspiro 


pyrazolone (144) was recovered. 


Reduction of 3-Methyl-4-(o-nitrophenylthio) -2-pyrazolin-5- 


One Mei) 

Reduction of 3-methy1-4-(o-nitrophenylthio) -2-pyraz- 
olin-5-one (117c) with sodium borohydride and palladium- 
charcoal, using sodium hydroxide solution as solvent, gave 
a good yield of a pale yellow solid which rapidly darkened 
in color on exposure to air. Attempts to purify this pro- 


duct were unsuccessful. While it was not possible to ob- 
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tain reproducible microanalyses of the product at this 
time, the solubility properties and infrared spectrum of 
theogreduct ron oproductnsuggestedtthatvit.was;oin ifact, 

9, 9a-dihydro-9-hydroxy-3-methyl-1H-pyrazolo- [4,3-b] -1,4- 


benzothiazine (146). 
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Reduction of 2,3-Dimethyl-4-(o-nitrophenylthio) -l1-phenyl- 


3-pyrazolin-5-one (118) 
Due to its inability to enolize, 2,3-dimethyl-4- 


(o-nitrophenylthio) -3=pyrazolin-5-one (118) was insoluble 
in sodium hydroxide solution. Attempts to reduce a sus- 
pension of this compound in dilute sodium hydroxide solu- 
tion with sodium borohydride and palladium-charcoal yield- 
ed only starting material. As a result, dioxane was used 
as solvent in this reduction. « ACidification of the: £fil- 
trate from this reaction yielded an off-white product 
(designated as product D), the infrared spectrum of which 


il 


possessed a carbonyl absorption band at 1642 cm ~ and two 


peaks at 3220 and 3400 cm™!, which were indicative of the 
presence of a primary amino function. This suggested that 


reduction had taken place, but that cyclization had not 


eccurred. The product (D), on diazotization and coupling 
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with 8 -naphthol, gave a red colored dye. This, together 
with the fact that the compound readily reacted with acetic 
anhydride to form a monoacetate derivative, confirmed that 
product D was a primary amine. However, a direct compar- 
ison with authentic material indicated that it was not 
4—-(o-aminophenylthio) -2, 3-dimethyl-1-pheny1-3-pyrazolin-5- 
one (147). 

The authentic sample of 147 was prepared by reducing 
2,3-dimethy1-4=- (o-nitrophenylthio) -1-pheny1-3-pyrazolin-5- 
one (118) with iron and ferrous ammonium sulfate. The ele- 
mental analysis and mass spectrum of this amine (147) cor- 
responded to a molecular formula of C1 7H) 7N30S- Its infra- 
red spectrum which was similar to, but not identical with 
the spectrum of the amine (D) isolated above, possessed 
carbonyl and primary amine absorption bands. This com- 
pound (147), which formed a monoacetate derivative on treat- 
ment with acetic anhydride, could also be diazotized, then 
coupled with f# -naphthol to form a red dye. 

The elemental analysis of product D isolated from the 
catalyzed sodium borohydride reduction of 118 was not con- 
sistent with a molecular formula Cj7H)7N30S. It apparently 
satisfied a formula for C, 7H, 7N3035S, and for this reason, 
the possibility of D being the sulfone, 4-(o-aminophenyl- 
sulfonyl) -2,3-dimethyl-1l-pheny1l-3-pyrazolin-5-one (148) was 
considered. Later work proved this conclusion to be incor- 
rect; Initially, nowever, this assumption was not unreal- 


istic, since Coutts, Barton, and Smith (1967) had reported 
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previously that the reduction of (o-nitrophenylthio) acetic 
acid (149) with sodium borohydride and palladium-charcoal 
yileldea@ ‘three products (150, 151, and 152), one of which 
(152) was unexpected and deduced to be 3,4-dihydro-3-oxo- 


2H-1,4—-benzothiazine i,1-dioxide. 
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An authentic sample of 4-(o-aminophenylsulfonyl) - 
2,3-dimethyl-1-phenyl-3-pyrazolin-5-one (148) was prepared 
by an unambiguous synthesis. Oxidation of 2,3-dimethyl-4- 
(o-nitrophenylthio) -1-phenyi-3=pyrazolin-5-one (118) with 
potassium permanganate in glacial acetic acid gave 2,3- 
dimethy1-4- (o-nitrophenylsulfony1) -1-pheny1-3-pyrazolin- 
5-one (153). The identity of this compound was inferred 
from its microanalysis, its infrared spectrum and its mass 
spectrum. This product (153) was readily reduced with 
stannous chloride and hydrochloric’ acid to the primary 
amine, 4-(o-aminophenylsulfony1) -2,3-dimethyl-1-pheny1l-3- 
pyrazolin-5-one (148), which was similarly characterized. 
The authenticity of these products was confirmed when it 
was shown that 4-(o-acetamidophenylsulfonyl) -2,3-dimethyl- 
1-phenyl-3-pyrazolin-5-one (154) was identical to the pro- 
duct obtained from the potassium permanganate oxidation of 
4-(o-acetamidophenylthio) -2,3-dimethyl-1-pheny1-3-pyrazol- 
in-5-one (155) (Scheme 5). 

The amino sulfone isolated from the stannous chloride 
reduction of 2,3-dimethyl1-4- (o-nitrophenylsulfonyl) -1- 
phenyl-3-pyrazolin-5-one (153) was not the same as the 
primary amine (D) obtained from the catalyzed sodium boro- 
hydride reduction of 2,3-dimethyl-4-(o-nitrophenylthio) - 
1-pheny1-3-pyrazolin-5-one (118). In view of this, product 
D was reinvestigated. An examination of its mass spectrum 
revealed that the molecule contained a chlorine atom. The 


spectrum possessed a molecular ion at m/e 345 and a strong 
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Scheme 5 


[m+2]* ion which had a relative abundance equal to approx- 


imately 40% of the molecular ion. An accurate mass deter- 


mMination of the molecular ion corresponded to a molecular 


Formula of C7 Hy 6 1N308- A recalculation indicated that 


this formula was also compatible with the microanalysis 


obtained for the reduction product. The presence of chlor- 
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ine in the molecule was further confirmed by performing 
a chlorine analysis on the acetate derivative of the 
reduction product (D). 

Chlorination must have occurred when hydrochloric 
acid was added to the reaction mixture to decompose the 
excess sodium borohydride used in the reduction of 118. 
From this, and the following evidence, it was concluded 
that the reduction of 2,3-dimethyl1-4-(o-nitrophenylthio) - 
1-pheny1=-3-pyrazolin-5-one (118) resulted in the formation 
of 4-(2-amino-5-chlorophenylthio) -2,3-dimethyl-1l-phenyl- 


3-pyrazolin-5-one (156). 
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The position of the chlorine atom. in the reduction 
product (156) was inferred primarily from the n.m.r. 
spectrum (Figure 7). Although this spectrum readily 
eliminated the possibility that chlorination) had occur- 
red at either the 3- or 6-position of the benzene ring, 
it did not differentiate between substitution at either 


the 5- or 4-position (156 and 157 respectively). 


i} 1 a in ‘ hi if i 4 iit 7 1 y f : oh 
i wa yi y, i J 0 7 1 7 7 
! \ tt) Cee eG ye eel i 
nee ne La oa oe 
one f i f : i 


i iy a aT j i i ae 
| ; » A aby 


iN iu ok Li a Hn . mh re sy ait ute 
e ritmo 36.4 vat las tAon sonst eens | 
| orl +9 ovistsvineb hs ic rt ! 


stro fdbohbye arly beriwo 20 ove eum 
ert ole a OP STM? mi AM roi soeex ‘att of i _ | 
-Bf0 to hotaeunes oat nd .beew sbiixbyslioxod 
bebulonos asw ti- adenmtee eaiwol Lox alae bas! 4 

~ (oinstynenqorsia-o) - “b= Ly dtemt b+€ S$) ite rere 
Mots smx0 % eric tL bativeex (@£L) canal 
~f “nstiq-l~Lyditomib- € es (oi Lynedaqgxdtde-a~en pee ti 


(deh) oa 

n . gH i Ras ell Eat 
Gn _phdol, ¢ Ba 

~ te 0 HA “oe A ie 


def 


(o haltl a ‘echt ‘mor Aeerers | pevueth a6y. = ia 
vitbses, mireooqe ed ts Abuodd tA 40 ax mee 


i ce ) 

in stain is bart nokdant xoLts tera WiLedtaaog of 8 
Vy 

de sents anosned ond be Mos dead nis to ie ati 

i — ssh modtutidecile neswited 2 dhru 


iy 


vee ae -Oelovtae Spguien raf toms! a 


81 


(OG) ou0-G-utT Toze zAd-¢-TAueyd-[-TAyqewtp-¢ ‘z- (otuaTAueud 
-O JOTYO-G-OUTWe-7Z)-f7 FO (suoqord HuTA oT Zewo ze) UNITAS S = ABW AN 


L Sac Oe Ger? 


‘7 .Sanbt yy 


mal 
AL 
mn 
aay hy 
‘ i 
CH 
jh) se 
<i, 
mn % 
ew 


pee, \) 
yy a 

Ga ies 
i.) 
tea Gl 
' , 
i 

' u : 
‘ 

ye 
ee 
on, 
{ry yy 

y/ ne 
‘aly mn 
ai { 
or 

fg 

a 

EF ay 


el i 


a 


Sari Velo 


OE > ip: ee 


He Ha 
C\ Hy, S CHs 
We eee 
Hy C\ NH, i CH; 
Ho He Ph 
156 157 


In the spectrum of either 156 or 157 the signal for 
proton He would be o-coupled with proton Hh and p-coupled 
with proton H,- Similarly, the signal for proton H,, would 
be o-coupled with H, and m-coupled with H,. while the sig- 
fei) £on. proton Ho would in turn be m-coupled with Hy, and 
p-coupled with Ho: It should be possible to identify 
these protons (Hi. Ay and Ha) by their coupling constants. 
The normal ranges of coupling constants for aromatic 
protons are: ortho, ©6.5-9.24 ceb2s.; meta, 402S=3.0 c.prs.; 
and para, 0.4-1.0 c.p.s. (Bovey, 1969). While coupling 
constants vary somewhat depending on the nature of the 
substituents present in the ring, they generally fall 
within these ranges. Therefore, provided that the chemical 
shifts between these proton signals are large enough to 
permit an interpretation of these signals, it should be 
possible to identify ali; three of the-protons in sunhe 
chlorinated ring. This was the case. The signals of the 
amine protons and the aromatic protons of the pyrazolone 


did not overlap with the signals from the protons of the 
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chlorinated ring. The coupling constants were readily 
determined, and the protons H,» H,,and H. were identified 
as shown in Figure 7. This information does not differ- 
entiate between 156 and 157 and so the fact that sub- 
stitution had taken place in the 5-position (156) was 
substantiated by the following evidence. 

The formation of the chlorinated compound can be 
readily explained if reduction of 118 had occurred only 
as far as the hydroxylamino stage, and the resulting 
hydroxylamine (158) was subsequently attacked by the 
hydrochloric acid to yield the chloro-amino derivative 


(156) as shown in Scheme 6. 


OHS (Ne BHy; [ARS 
RC 


N Gi) HCl 


LS 


- 1,0 


CH; 
aah 
N “CH; 
Ph 


156 


Scheme 6 
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This mechanism, which is similar to that described 
by Heller, Hughes and Ingold (1951) as an explanation 
of the rearrangement of hydroxylamines to substituted 
amines and is commonly referred to as the Bamberger 
rearrangement, could not give rise to a 4-chlorinated 


compound (Scheme 7). 
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Scheme 7 


Bamberger (1921, 192la, 1925) reported that chlor- 
ide ion and other nucleophilic species such as methoxy, 
ethoxy, and hydroxyl radicals react with aromatic hydrox- 
ylamines and aromatic azides to yield p-substituted amines 
as the major products. The prolonged action of hydro- 
chloric acid on phenylhydroxylamine, for example, yielded 
p-chloroaniline, o-chloroaniline and smaller amounts of 
o,p-disubstituted aniline, azoxybenzene, and aniline. 


Although traces of o-aminophenol and trichloroaniline were 
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also isolated, no m-substituted amines were reported. 
When hydrogen bromide was used, similar observations 
were made except that a somewhat larger yield of anil- 
ine was isolated. Similar reactions have also been 
observed by Kock (1887) and Robertson and Evans (1940), 
who have reported the formation of p=chloroaniline as a 
by-product in the reduction of nitrobenzene with zinc 
and hydrochloric acid. 

Other reactions of this type have also been re- 
ported. Clark=-Lewis and Katekar (1959) found that the 
action of hydrochloric acid on 3,4-dihydro-4=-methy1-3- 
oxoquinoxaline=-2-carboxy-N-methylanilide l-oxide (106) 
yielded 6-chloro-1,2,3,4,2',3'-hexahydro-4, 1'-dimethy1=3,2'- 
dioxoquinoxaline=2-spiro-3'-indole (107). These inves- 
tigators postulated a mechanism which involved the for- 
mation and chlorination of a hydroxylamine intermediate 
(108)... 

Loudon and Wellings (1960a) have shown that the 
reaction of ethyl acetoacetate and related compounds with 
o-nitrobenzaldehyde in the presence of hydrochloric acid 
also gives rise to chlorinated products, i.ew#7 o-chloro- 
1l-hydroxy-4-quinolones (159). 

From this evidence, and later work discussed in 
this thesis, it was concluded that the catalyzed sodium 
borohydride reduction of 2,3-dimethyl-4-(o-nitropheny1l- 
thio) -1l-phenyl-3-pyrazolin-5-one (118) had given rise to 


4—-(2-amino-5-chlor ophenylthio) -2,3-dimethyl-1-phenyl- 
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3-pyrazolin-5-one (156). 
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If the mechanism, shown in Scheme 6, for the forma- 
tion of 156 was correct, it should be possible to isolate 
the intermediate hydroxylamine (158) by excluding hydro- 
chloric acid from the reaction, and to convert this 


compound to the chloro amine (156) by subsequent treat- 
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ment with hydrochloric acid. To confirm this, the reduc- 
tion of 2,3-dimethyl-4-(o-nitrophenylthio) -1-phenyl-3- 
pyrazolin-5-one (118) with sodium borohydride and pal- 
ladium-charcoal was repeated, and the filtrate was acid- 
ified with acetic acid. The expected hydroxylamine (158) 


was isolated as a pale yellow solid. 


2 CH, 
NN 
OH Ph 
158 


Structure 158 was assigned to this product for the 
following reasons. The compound readily reduced Tollen's 
reagent, it analyzed satisfactorily for C) 5H) 5,058: and 
its mass spectrum possessed a molecular ion at m/e 327. 
The mass spectrum also contained Im-2]* and [M-16]* f£rag- 
ment ions of significant intensity. Coutts and Mukherjee 
(1970) have shown that this type of fragmentation pattern 
is characteristic of aromatic hydroxylamines (Scheme 8). 
The infrared spectrum of 158 also possessed strong carbon- 
yl stretching at 1619 cm 7 and abroad peak at 3245 cm + 


which was attributed to both NH and OH absorption. 


} 1 i I ester Oh Mi ( erty 
B con > Me ny ay fey w= 
— -_ 5 ) i | \ a us ' 
fl ae i i i f jj 
4 ry i a7 ; 
A r } ove : 
' 


~oubox erg cetet iri tino on |. BRB 
=E= ymrarte f~ ae 9 tynoddorrti He 
-Lag bos Pbixbysot0d mob eoe. asi 


“bina esw ‘eteis bi onic brie cake 


adt 102 Jouboxg aids oF benpieas 26W eat. Be 
a nelrot bsaubsx Wieser basiogmos oat 


thik 2,0, 1,9 “Ok: viizospetaiiee: 


Ay e\n 36 nod te Lissa Lom Py osesegog nes 
“psx +for-m] bas ie ~it] Bantetno: cane 
96 wertioM bas edduod. wdianata theotRiapie to. ete 
i aa noid s3nemeas2 to eays Sate dey! Aiworke, at: ] Ai 

ae od ems?) aenimstyxoxbyit ipo to pide wad et WIG | 
i ~nod369 enoute Seeeonsoq cals Lia 30 freee 12 ber ne 7 ° : La 
oe anse ts aseq Bao é bre at ‘ict er ae ) 
ii -soidaioeds HO bas a a ee te 


pa 


\ ia ' 
i) rr 


Atal ue ; 


uw 6 a 
fs eRe fe 
7 ; 
ane) 


= £89 we 


aes 7 u 
a ae 
ZN + 
y N-H N =O 
1a 
an [m-2]* 
30 
i Tee +: 
a co 
(oy. 


Scheme 8 


4~-(o-Hydr oxy laminophenylthio) -2,3-dimethyl-1- 
phenyl-3-pyrazolin-5-one (158) was treated with hydrochlor- 
ic acid. Extraction of the neutralized reaction mixture 
yielded a grey solid, which proved to be a mixture of 
4—(o-aminophenylthio) -2,3-dimethyl-1-pheny1-3-pyrazolin- 
5-one (147) and 4=-(2-amino=5=-chlorophenylthio) -2,3-di- 
methyl-1-phenyl=-3-pyrazolin-5-one (156). 

Although recrystallization failed to raise the 
melting point of this product, and thin layer chroma- 
tography gave only one spot, its mass spectrum indicated 
the presence of both compounds 147 and 156. The mass 
spectrum possessed a molecular ion at m/e 345 and an 
abundant fragment ion at m/e 311. The intensity of the 


peaks at m/e 347 and 313 indicated that the ion at m/e 


345 contained chlorine while, the one at m/e 311 did not. 


a” . i Bh } vm , 
DA. Ut . n t ‘ ik \, ’ 
i oT oa a i Ans 
! , - I / ; i Geet 
Wi a A UA ee { ry Ma ire 
- A i ; ; " bg had } ; 
Ki hs ae ia ' 
ie y i i i a ue \ Wy 1 
rik vay A ; (ae } 1 
ht he y 1) ae me a 
: P ; a ame | 
r al 
POP perm, 
on ; Babe 
* $ 
ore Panik ea 
me ane a 
\ Os 4 ~~ el 
SS 
| ['s ~My 
/ 
an ae 
hy eo 
1} , 
‘ | fone 
r “ Ais y } Te vy An , 
iv ba Yui" “s 


—tEtos SSW Gro ~fynedd ar Femi b~ 


eam a sa 40 — 


ad 
; ain are saan aie vat sched bereits 
a Av ro. 
a a8 Pris ane: Nin tial web pene .: 


ai? Eb Vad 


i to viianstat sat ite oN ie 


e\n $6 oe Sects Beveotbad € ie 
cal bkb £. ie s\n os sno edt , otis fw } arti’ 


ae es 


- 89 —- 


ee. S CHa CI S CH 
-aers HC 
N N 
eran sae NH, 0 
Ph 


Nu Nn CH 
OH Ph 
ligeys) 156 

S CH2 

7 N 
NH, OT “y-~ CH 
Ph 
147 


Since the fragment at m/e 311 could not be formed by 

the loss of chlorine from the ion at m/e 345,it-must 
represent the molecular ion of another compound, namely, 
4=-(o-aminophenylthio) -2,3=-dimethyl-1-pheny1-3-pyrazolin- 
5-one (147). 

The formation of the non-chlorinated amine (147) 
in the above reaction was not unexpected in view of the 
report by Heller, Hughes and Ingold (1951) who explained 
the reported (Bamberger,.1921, 1921la, 1925) formation. of 
aniline from phenylhydroxylamine as being due to the ir- 
relevant oxidat ion-reduction of the starting material. 
Presumably in this case, the hydroxylamine, 4-(o-hydroxyl- 
aminophenylthio) -2,3-dimethyl-1-pheny1-3-pyrazolin-5-one 
(158) undergoes a similar auto oxidation-reduction reac-— 
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As a matter of interest, the catalyzed sodium boro- 
hydride reduction of 2,3-dimethyl-4-(o-nitrophenylthio) - 
1-pheny1-3-pyrazolin-5-one (118) was repeated, and the 
filtered reaction mixture was evaporated to dryness with- 
out acidification. Recrystallization of the resulting semi- 
solid with a dimethyl sulfoxide/ethanol solvent system 
gave rise to a product which has been identified as 2,2'- 
bis [(2, 3-dimethyl-1-pheny1-3-pyrazolin-5-on-4-yl) thio] - 


azoxybenzene (160). 
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The elemental analysis of this product (160) satis- 
fied a molecular formula of C3,H39N603S>5- The infrared 
spectrum, which possessed a carbonyl peak at 1668 cm-l, 


did not contain any absorption due to the presence of an 


NH function. The appropriateness of structure 160 was also 
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supported by the mass spectrum which displayed a molecular 
ion at m/e 434, and a strong [M-16]" fragment at m/e 418. 
The presence of the [M-16]* peak was attributed to the 
Toss of oxygen from the azoxy function. It is) known 

that the mass spectrum of azoxybenzene possesses a prom- 
inent [M-16]* peak (Budzikiewicz, Djerassi and Williams, 
1967a). 

The azoxybenzene (160) was also prepared by the 
oxidation of 4=(o-hydroxylaminophenylthio) -2,3-dimethyl- 
1-phenyl=-3=-pyrazolin=-5-one (158) with hydrogen peroxide. 

Similar reactions involving hydroxylamine derivatives 
which also give rise to azoxy compounds have been reported 
UParisi, Bovina and /Ouilico, 1962+" Ochiai, Ontavand 


Nomura, 1957). 


Interaction of Cyclic Hydroxamic Acids and Aromatic 


Hy 


Previous mention was made of the report by Coutts, 
Barton, and Smith (1966) that the reduction of (o-nitro- 
phenylthio) acetic acid (149) gave rise to three products, 
one of which Gesignated as product E), was thought to be 
3, 4~dihydro-3-oxo0-2H-1,4-benzothiazine 1,1-dioxide (152). 
Since the infrared spectrum and analytical data of prod- 
uct E were consistent with structure 152, the possibility 
of this compound being a chlorinated compound had not been 


considered. 


In view of the unexpected chlorination observed 
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during the reduction of 2,3-dimethyl-4-(o-nitrophenylthio) - 
1-phenyl-3-pyrazolin-5-one (118) the identity of product 


E was now questioned. A sample was submitted for mass 
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NO, eee 
H 
149 P52 


spectral analysis and this revealed that the product was 
not the sulfone. The spectrum contained molecular ions 

at m/e 199 and 201, indicating that the molecule con- 
tained chlorine. This observation made possible the 
suggestion that E was 7=-chloro-3,4-dihydr o-3-oxo-2H-1,4- 
benzothiazine (161). This conclusion was supported by the 


following evidence. 
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The elemental analysis of E was consistent also with 


the molecular formula CH.C1NOS . Its infrared spectrum 


showed carbonyl absorption and an NH stretching band typ- 
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ical of a lactam ring system. The n.m.r. spectrum of this 
compound contained signals which could be ascribed toa 
methylene group, an NH proton, and three aromatic protons. 
Using the principles described earlier in this discussion, 
it was possible to measure the coupling constants of the 
proton signals and thus identify the individual protons 
of the aromatic signal (Figure 8). This cmfirmed the 
presence of a 1,2,4-trisubstituted benzene ring in the 
compound. Two structures (161 and 162) were theoretically 
possible, but in the light of the previous work involving 
4~ (o-hydroxylaminophenylthio) -2, 3-dimethyl-1-pheny1-3- 
pyrazolin-5-one (158), the possibility that E was 6-chloro- 
3,4-dihydr o-3-oxo=2H-1,4-benzothiazine (162) was consid- 
ered very unlikely. However, since the reported melting 
point of the 6=-chloro derivative (162) was identical with 
that of 161, an authentic sample of 162 was prepared for 
direct comparison with product E. 

The product reported by Prasad and Tietje (1966) 
was used to prepare 6=-chloro-3, 4-dihydro-3-oxo-2H-1, 4- 
benzothiazine (162). This involved the sodium hydrosulf ide 


reduction of (4-chloro=2=nitrophenylthio) acetic acid (163). 
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Figure 8: N.m.r. Spectrum (aromatic ring protons) 
of 7 -chloro-—3,4-dinhydro-3-0xo-2h—=1 4 = 
benzothiazine (161). 
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Figure 9: N.m.r. Spectrum (aromatic ring protons) 


of 6-chloro-3,4-dihydro-3-oxo-2H-1, 4- 
benzothitazines(162) 


ose 


ae Pe emi me ‘ mre ae 
a ae “BS + Oxe-=F se aoe ae 


a 


an OR = 


The infrared spectrum of this product (162) showed 
carbonyl absorption at 1670 om + and NH stretching at 
3185 cm /, and differed significantly from that of the 
7-chloro derivative (161). A mixed melting point of 
the two products was depressed. The n.m.r. spectrum of 
162 was similar to that of the isomer 161, but the aroma- 
tic signals of both compounds, while each still possess- 
ing the characteristic 1,2,4-trisubstituted benzene pat- 
tern, (cf. Figures 8 and 9) differed significantly. 

The formation of the 7=chloro lactam (161) can be 
explained by a mechanism similar to that proposed for the 
formation of 4—(2-amino-5=-chlorophenylthio) -2,3-dimethyl- 
1l-phenyl=-3-pyrazolin=-5-one (156) during the catalyzed 
sodium borohydride reduction of 2, 3-dimethyl1-4-(o-nitro- 
phenylthio) -1-phenyl-3-pyrazolin=-5-one (118). Presumably 
this reaction involves the nucleophilic attack of chloride 


ion on the protonated hydroxamic acid as shown below. 
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The authenticity of this mechanism was substantiated 
by treating a pure sample of 3,4-dihydro-4-hydroxy-3-oxo- 
2H-1,4-benzothiazine (150) with hydrogen chloride. This 
yielded a grey solid, which, on recrystallization: from 
ethanol, proved to be 7-chloro-3,4-dihydro-3-oxo-2H-1,4- 
benzothiazine (161). 

The fact that attack had occurred at the 7-position 
was further confirmed when it was found that the action 
of hydrogen chloride on 6-chloro-3,4-dihydro-4-hydr oxy-3- 
oxo-2H-1,4-benzothiazine (164) resulted in the formation 
OL Aa. pDLoduct, CgH-C15NOS, that was identified as 6,7-di- 


chloro=3, 4-dihydro-3-oxo-2H=-1,4-benzothiazine (165). 
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The infrared spectrum of 165 displayed both carbonyl 
and NH stretching bands. Its n.m.r. spectrum possessed 
signals due to the methylene group and the NH function. 

Of more importance was the aromatic signal, which consis- 
ted of two one-proton signals at 72.32 and 12.80 that 
were attributed to protons at the 5- and 8-positions in the 
molecule, i.e., positions which would not permit) ontho— or 


meta-coupling. 
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The significance of this chlorination reaction is 
that it provides a means of preparing 7-chlorobenzothia- 
Zines which are not readily available by conventional 
reductive methods. The synthesis of 7-chloro-3,4-di- 
hydro-3-oxo-2H=-1,4-benzothiazine (161) for example, would 
require (2-nitro-5-chlorophenylthio) acetic acid as a 
starting material. This acid is not readily available 
by the action of thioglycollic acid on 2,4-dichloronitro- 
benzene because of the reactivity of both chlorine atoms. 

It has been found that the formation of chlorinated 
lactams is not restricted to the 1,4-benzothiazine series. 
The action of hydrochloric acid on 1,4-benzoxazine hydrox- 
amic acids also yields 7-chloro lactam derivatives. 

When Coutts and Hindmarsh (1966; Hindmarsh, 1970) were 
investigating the synthesis of benzoxazine hydroxamic acids, 
they found that the reduction of ethyl (o-nitrophenoxy) - 
acetate (166) with zinc dust and ammonium chloride yielded 
a zinc chelate of 3,4-dihydro-4=hydroxy-3-oxo-2H-1,4- 
benzoxazine (167) and a second product that was insoluble 
in sodium carbonate solution and gave a negative ferric 
chloride test. The second product has now been identified 
as 7-chloro=-3,4-dihydro-3-0xo0-2H-1,4-benzoxazine (169) . 

It analyzed satisfactorily for CH_.C1NO,, a molecular 
formula supported by its mass spectrum. The infrared 
spectrum of this compound was consistent with this struc- 
ture. While the aromatic signal in the n.m.r. spectrum 


of 169 was too complex for complete interpretation, even 
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when the spectrum was recorded on a 100 Mc. instrument, it 
did integrate for three protons. The spectrum also pos- 
sessed a two-proton methylene singlet and an NH signal which 
exchanged with deuterium oxide. The n.m.r. spectrum, 


therefore, supported structure 169. 
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A purified sample of the zinc chelate (167) analyzed 
satisfactorily for a molecular ,+formula jof C1 gH oN 06 2n- 
Hydrolysis of this product (167) with acetic acid yielded 
only the hydroxamic acid (168). It was also found that 
heating 3,4-dihydro-4-hydroxy=3-oxo-1,4-benzoxazine (168) 
inceltGannunder reflux with dilute hydrochloric acid gave a 
good yield of 7-chloro-3,4-dihydro-3-oxo-1,4-benzoxazine 
(169). 


A similar chlorination reaction occurred on prolonged 
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treatment of 2-ethy1-3,4-dihydro-4-hydroxy=3-oxo-2H-1, 4- 
benzoxazine (170) with dilute hydrochloric acid at room 
temperature, and gave rise to a neutral compound. The 
infrared spectrum of this product possessed carbonyl and 
NH absorption bands. Its mass spectrum contained a molec- 
ular ion at m/e 211 and a strong [m+2|* peak indicating 
the presence of chlorine in the compound. From this and 
its microanalysis, it was concluded that this product was 


7-chloro=-2-ethyl=-3,4=-dihydr o-3-oxo-2H-1,4-benzoxazine (171). 
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Bamberger (1921, 192la, 1925) has reported that 
nucleophilic reagents such as methanol, ethanol, hydrogen 
bromide, phenol, and aniline also react with phenylhydroxyl- 
amine, giving rise to p-substituted anilines. This would 
suggest that these nucleophilic reagents might also react 
at the 7-position of the hydroxamic acids, making possible 
the preparation of a number of 7-substituted lactam der- 
ivatives. 

Interest in the properties of N-hydroxy compounds was 
extended“to a study of -the action of hydrochloric acid on 


4~(o-hydroxy laminobenzylidene) -3-methy1-1-pheny1-2-pyra- 
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zOlin-5-one (172). The catalyzed sodium borohydride re- 
duction of 3-methyl-4=-(o-nitrobenzylidene) -1-phenyl-2- 
pyrazolin=5-one (63) yielded a colorless compound which 
was not characterized by Coutts and Edwards (1966). This 
product has now been purified and identified as 4-(o- 
hydroxy laminobenzylidene) -3-methyl-1l-pheny1l-2-pyrazolin- 
5-one (172). The identity of this compound was based on 
the observation that it reduced Tollen's reagent and that 
it gave an elemental analysis that corresponded to a molec- 
earerormula of C5 7H) 5N3% > Its mass spectrum displayed 
a molecular ion at m/e 293 and an abundant [M-16]* frag- 
ment ion. The infrared spectrum of 172 possessed carbon- 
yl stretching and a broad absorption band between 3100 
and 3400 cm! with a maximum at 3275 om™!, which was at- 


tributed to the OH and NH absorption bands of the hydroxyl- 


amine function. 
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This hydroxylamine (172) was treated with hydrogen 
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chloride. Initially methanol was used as a solvent for 
this reaction. The solid that was left on evaporation 
of the reaction mixture was shown to be a mixture of 4- 
(2-amino-5-chlorobenzylidene) -3-methyl-1-phenyl-2-pyrazol- 
in-5-one (173) and 4-(2-amino-5-methoxybenzylidene) -3- 
methyl-1l-phenyl-2-pyrazolin-5-one (174). 

The mass spectrum of the mixture possessed a mol- 
ecular ion at m/e 311 and an intense ion at m/e 307. 


Accurate mass determinations revealed that these ions 
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possessed molecular formulae of C578, ,C N30 and Cj gH 5N,9, 


respectively. It is seen that these formulae correspond to 
structures 173 and 174. “Thin layer chromatography of this 
product indicated the presence of two compounds possessing 
Re values of 0.61 and 0.30. These values were found to be 


identical to “the Re values tof authentic samples of 173 and 


174 chromatographed under the same conditions. 
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Authentic 4-(2-amino-5=-chlorobenzylidene) -3-methyl- 
1-phenyl=2-pyrazolin-5-one (173) was prepared by treating 
a solution of 4-(o-hydroxylaminobenzylidene) -3-methyl- 
l-phenyl=2-pyrazolin-5-one (172) in tetrahydrofuran with 
hydrogen chloride. This gave a black semisolid which, 
when chromatographed on a silica gel column, yielded 4- 
(2-amino-5-chlorobenzylidene) -3-methyl-1=-pheny1-2-pyraz- 
olin-5-one (173). The infrared spectrum of this product 
possessed absorption bands that were attributed to carbonyl 
and NH absorption, as well as a strong peak at 812 em 
that was indicative of aromatic CH bending. Elemental 
analysis showed that the compound was a monohydrate, 
Oo ao NOH? and prolonged drying at elevated temper- 
atures failed to remove all of the water of crystallization. 
The mass spectrum of this compound contained a molecular 


ion at m/e 311 C1N,0) and the expected strong ([m+2]* 


ig si4 
peak, characteristic of the presence of chlorine in the 
molecule. 

Treatment of a methanolic solution of 4-(o-hydroxyl- 
aminobenzylidene) -3-methyl=1=-pheny1l=-2-pyrazolin-5-one 
(172) with concentrated sulfuric acid produced a brown oil 
which was chromatographed and gave an authentic sample of 
4- (2—-amino-5-methoxybenzylidene) -3-methyl-1-phenyl-2- 
pyrazolin-5-one (174) as a white solid. The mass spectrum 
and microanalysis of this product supported a molecular 
formula iof- Cyan. NSO The significant difference be- 


18° ay 32° 
tween the infrared spectrum of 174 and that of the 2-amino- 
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5-chloro derivative (173) was the absence of any absorp- 
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Interaction of Benzothiazine and Benzoxazine Hydroxamic 
Acids with Acetic Anhydride 

The preparation of 3,4-dihydro-4—-hydroxy-3-oxo-2H- 
1,4-benzothiazine (150) was mentioned in the preceding 
section (see page 97). To aid in the characterization of 
this compound, an acetate derivative was prepared by reac- 
ting the hydroxamic acid (150) with acetyl chloride. This 
yielded a product which was isomeric with, but not iden- 
tical to, the acetate prepared by the interaction of 150 
with acetic anhydride (Coutts et al, 1968). This obser- 
vation led to a detailed study of the acetylation of the 
benzothiazine hydroxamic acid (150) and the related hydrox- 


annie acids, 175; 176, and 168: 
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The treatment of a solution of 3,4-dihydro-4-hydroxy- 
3-0x0-2H=-1,4-benzothiazine (150) in dry benzene with excess 
acetyl chloride yielded 4-acetoxy-3,4-dihydro-3-oxo-2H-1,4- 
penzothiazine 4177)., The identity of this product was 
based on the following observations. This compound (177) 
gave an elemental analysis which corresponded to a molec- 
ular formula of Ci pHgN038 - Its mass spectrum possessed 
a molecular ion at m/e 223 anda [M-42]~ ion at m/e 181. 
The presence of a metastable ion at m/e 146.9 supported 
the direct fragmentation of a ketene molecule (CH,CO) from 
the molecular ion, and the presence of a fragment ion at 
m/e 43 (CHCOt) also supported structure 177. This type 
of fragmentation is very common in the mass spectra of 
acetate derivatives (Budzikiewicz, Djerassi and Williams, 
1967). The presence of two carbonyl bands at 1705 and 1802 
cm? in the infrared spectrum was also indicative of struc- 
ture 177. Carbonyl stretching in the region of 1800 cm7 i 
in the infrared spectrum is characteristic of the N- 
acetoxy group (Loudon and Wellings, 1960, 1960a; Loudon and 
Tennant, 1960; Ohta and Ochiai, 1962; Paguette, 1965; 
Coutts et al, 1968). Final confirmation of the authentic- 
ity of structure 177 was obtained by examining its n.m.r. 
spectrum. The three-proton singlet at | 7.66, the two- 
proton singlet at 7 6.43 and a Lour-proton multiplet 
between (7 2.55 and 73.20 were s1lgnals: whachsconldrbe 
associated respectively with the methyl group, the methyl- 


ene group, and the four aromatic protons of structure 177. 
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The reaction of acetic anhydride with 3,4-dihydro- 
4-hydroxy-3=-oxo-2H-1,4-benzothiazine (150) was repeated 
and yielded a product that was identical to the one 
reported in the literature (Coutts et al, 1968). Ele- 
mental analysis and mass spectral data again supported 
a molecular formula of Ci Hg for this derivative. The 
presence of fragment ions at m/e 43 and [m-42]* and a 
metastable ion of mass 146.7 in the mass spectrum indica- 
ted that this compound was also an acetate derivative of 
n5Oye 1. e.,. an asomer of 177. ~The momo. spectrumeot this 
compound contained a three-proton singlet at 78.0 (CH3), 

a one=-proton singlet at 73.69 (CH), a four-proton aro- 
matic signal in the 72.58 to 3.18 region and a broad one- 
proton signal at 7 -0.1 which exchanged with deuterium 
oxide. The absence of a two-proton singlet near 76.5 
indicated that the reaction must have occurred at the active 
methylene group in the 2-position of the molecule. -Two 


structures can be written which might be expected to give 


an n.m.r. spectrum of this type (178 and 179). 
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A closer look at the other properties of the acetate 
immediately eliminated structure 178. The acetate was 
insoluble in dilute sodium carbonate solution and, there- 
Pore, was NOt. a Carboxylic’ acid. © For-this treason the 
singlet at Y-0.1 in the n.m.r. spectrum was deduced to 
pe due to”an NH rather than an’ acidic’ OH”group. Structure 
179 is also supported by the infrared spectrum of this 
product, which displays carbonyl peaks at 1680 and 1758 emt 
and a sharp band at 3200 cm7~1 which was attributed to NH 
stretching. The fact that there were no carbonyl bands 


1 in this spectrum indicated that 


in the region of 1800 cm™ 
the N-acetoxy function was not present in the molecule. 
From this, it is proposed that acetoxylation, not acetyla- 
tion, had occurred during the treatment of».3,4-dihydro- 
4—hydroxy-3-oxo-2H-1,4-benzothiazine (150) with acetic 
anhydride, giving rise to 2-acetoxy-3,4-dihydro-3-oxo-2H- 
1,4-benzothiazine (179). 

Compound 179 is known, and its reported melting point 


was the same as that of the product isolated from this 


reaction. An authentic sample of 2-acetoxy-3,4-dihydro- 
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3-oxo-2H-1,4-benzothiazine (179) was prepared by the lit- 
erature method (Zahn, 1923) (Scheme 9) to confirm the 
identity of the compound prepared in the present study. 

A comparison of the infrared data and a mixed melting 


point of the two compounds proved that they were identical. 
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Further investigation revealed that the treatment of 
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4-acetoxy=3,4-dihydro-3-oxo-2H-1,4-benzothiazine (177) 
with glacial acetic acid gave a good yield of 2-acetoxy- 
3,4-dihydro-3-o0xo-2H-1,4-benzothiazine (179). The mech- 
anism of this reaction is discussed later (Scheme 10). It 
was also found that acetic acid did not react with the 
bydroxamic acidk (150) itself. Only starting material ‘was 
recovered from this reaction. No reaction occurred 

either when 3,4-dihydro-3-oxo-2H-1,4-benzothiazine (151) 
was heated with acetic anhydride in acetic acid. 

Analogous results were obtained with 3,4-dihydro- 
4—-hydroxy-6-methy1l-3-oxo-2H-1,4-benzothiazine (175). Treat- 
ment of this hydroxamic acid with acetyl chloride yielded 
4-acetoxy-3,4-dihydro-6-methy1-3-oxo-2H-1,4-benzothiazine 
(180). The identity of this product was inferred from its 
microanalysis, C,H, 1N03S, its n.m.r. which indicated the 
presence of both protons of the methylene group, and its 
infrared spectrum which possessed two carbonyl bands at 
1705 and 1795 cml. 

When 3, 4-dihydro-4-hydroxy-6-methy1-3-oxo-2H-1,4- 
benzothiazine (175) was heated under reflux with acetic 
anhydride, the 2-acetoxy derivative (181) was isolated. 
The microanalysis of this product satisfied a molecular 
formula of C1 1H, N03S, and its infrared spectrum lacked 
carbonyl stretching bands above 1755 cmt, Its nemer. 
spectrum contained a one-proton singlet at “73.82 which 
indicated that attack had taken place at the 2-position 


and showed this compound to be 2-acetoxy-3,4-dihydro-6- 
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methy1l-3-oxo-2H-1,4-benzothiazine (181). 


S 
5 B 6) 


CH, coc! | 
0COCH3 
S 


180 
Hc N . 
OH i on ere 0 Ae 
Heer 
181 


Coutts and co-workers (1968) had reported that the 
action of acetic anhydride on 3,4-dihydro-4-hydroxy-3-oxo- 
2H-1,4-benzothiazine 1,1-dioxide (176) produced 4-acetoxy- 
3,4-dihydr o-3-oxo-2H-1,4-benzothiazine 1,1-dioxide (182). 
In view of the above results this reaction was reinves- 
tigated. It was found that treatment of the hydroxamic 
acid (176) with acetyl chloride or acetic anhydride gave 
only one product, 4-acetoxy-3,4-dihydro-3-oxo-2H-1, 4- 
benzothiazine 1,1-dioxide (182), even on prolonged heating. 


This. product was identical to that reported by Coutts et 
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The formation of the 2-acetoxy-3,4-dihydro-3-oxo- 
2H-1,4-benzothiazines can be explained by the mechanism 
in Scheme 10. This involves an initial acetylation of the 
N-hydroxy function of the hydroxamic acid followed by a 
nucleophilic attack by the acetate anion at the 2-position 
of the enolized tautomer (183), and the subsequent ex- 
pulsion of the 4-acetoxy group. The acetate anion prob- 
ably arises from the stentsarin: however, an intermolecular 
rearrangement could also be involved. 

A related reaction is the C-acetoxylation of 
certain steroidal ketones which also involves the forma- 
tion of an enol intermediate (Fieser and Romero, 1953; 
Clarke,’ 1960): 

The proposed mechanism (Scheme 10) has been written 
as an ionic reaction. This is a reasonable suggestion; 
however, in view of recent studies on the acetoxylation of 
2- and 4-picoline l-oxides (e.g. Scheme 11) (Paquette, 
1968) the possibility of a free radical mechanism should 
not be overlooked. Although it is generally agreed that 


the first step in the acetoxylat ion of picoline 1l-oxides 
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is the formation of 184, conclusive evidence pertain- 
ing to the fate of 184 remains to be provided. Two mech- 
anisms, involving ion=-pairs (path A) or radical-pairs 
(path B) are being studied by current investigators. 
The formation of smaller quantities of 3-acetoxypyridines 
during these reactions can also be rationalized in terms 
of either polar or radical intermediates. 

The fact that the sulfone (176) does not acetylate 
in the 2=position is attributed to steric hindrance. The 


Size of the sulfone group, together with the tendency of 
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the oxygen atoms to repel the attacking anion, presumably 
block this reaction. 

These acetylation reactions were repeated using the 
benzoxazine hydroxamic acid, 3,4-dihydro-4-hydroxy-3-oxo- 
2H-1,4-benzoxazine (168). This led to the isolation of 
an unexpected product as described below. 

Treatment of 3,4-dihydro-4—-hydr oxy-3-oxo-2H-1,4-benz = 
oxazine (168) with acetyl chloride gave a product, C1QHogNO,, 
which proved to be 4-acetoxy-3, 4-dihydro-3-oxo-2H-1,4- 
benzoxazine (185). Its infrared spectrum possessed car- 
bonyl absorption at 1700 and 1803 cm), and its n.m.r. 
spectrum displayed signals which could be attributed to the 


methyl, methylene and aromatic protons of structure 185. 
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However, heating a solution of the hydroxamic acid 
(168) with acetic anhydride and acetic acid did not yield 
the expected 2-acetoxy derivative (186). The following 
information revealed that the product isolated (designated 
as product F) was, in fact, 6-acetoxy-3,4-dihydro-3-oxo- 2H- 


1,4-benzoxazine (187). 


This compound (F) gave an elemental analysis which 
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corresponded to C_._H NO , 
jal 70, 9 4 


ported by the mass spectrum. This spectrum contained a 


a formula which was also sup- 


molecular ion at m/e 207 and strong fragment ions at m/e 
165 ([M-42]*) and m/e 43, all of which indicated that 
this compound was isomeric with the 4-acetoxy derivative 
(185). The infrared spectrum of F displayed carbonyl 


absorption bands at 1695 and 1760 cm™! as well as NH 


0 OCOCH3 
wing, : 


0 186 


CH3C0).0/ 
Ou CH3COOH 
O 
i fos eh 
CH3CO0O N 0 


187 
stretching at 3200 cm”, The fact that product F was not 
the expected 2-acetoxy derivative (186) was evident from 
the®n.mer. spectrum.” .-The’ presence off'a’ two-proton~ methyl-— 
enetetonalmatey 5.48 ini the? spectrum, ‘eand-'the*t act" chat 
thenaromatic’ signal* integrated for-only* three’ protons, 
indicated that the substitution had occurred in the aro- 
matic ring rather than at the 2-position. 


In view of the results obtained from the previous 
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work involving the action of hydrochloric acid on these 
hydroxamic acids, it was felt that the acetoxylation had 
probably involved nucleophilic attack of the acetate ion 
(CH.,COO™) at the 7-position of the aromatic ring, giving 
rise to 7-acetoxy-3,4-dihydr o-3-oxo-2H-1,4-benzoxazine 


(188), but, further investigation proved this assumption 


to be: incorrect. 


CH3,CO0 0 


lees 


188 


A literature search revealed that both 6-acetoxy- 
(187) and 7-acetoxy=3,4-dihydro-3-oxo-2H-1, 4-benzoxaz ine 
(188) were known. The melting point of the acetoxy 
derivative (F) isolated in the above reaction did not 
correspond to that reported for the 7-acetoxy derivative 
(188). Instead it was the same as the melting point 
recorded for 6=-acetoxy=-3, 4-dihydr o-3-oxo-2H=-1,4-benzoxa- 
zine (187) ." It was also found that, hydrolysis. of this 
acetoxy compound (F) yielded a phenol which had a melting 
point and ultraviolet spectrum that were the same as 
those quoted for 3,4-dihydro-6~-hydroxy-3-o0xo-2H-1,4- 
benzoxazine (189). From this it was concluded that the 


product isolated from the treatment of 3,4-dihydro-4- 
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hydr oxy-3-oxo0-2H=-1,4-benzoxazine (165) with acetic an- 
hydride and acetic acid was 6-acetoxy-3,4-dihydro-3-oxo- 
2H-1,4—-benzoxazine (187). 

Since acetoxylation in the 6-position of the 
hydroxamic acid was totally unexpected, a sample of 6- 
acetoxy-3,4-dihydro-3-oxo-2H=-1,4-benzoxazine (188) was 
prepared by the unambiguous synthesis reported previously 
by Loudon and Ogg (1955) (Scheme 12). The 6-acetoxy der- 


ivative prepared by this method was identical to the pro- 
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duct formed by the treatment of 3,4-dihydro-4-hydroxy- 
3-o0x0-2H=-1,4-benzoxazine (165) with acetic anhydride. 

The fact that these two compounds were identical was 
further confirmed when it was shown that hydrolysis of 
both with sodium hydroxide solution yielded the same 
product, 3,4-dihydro-6-hydroxy=3-oxo-2H-1,4-benzothia- 
Zine (189), and that the benzoate derivatives, 6-benzoyl- 
oxy-3,4-dihydr o-3=o0xo-2H-1,4-benzoxazine (190), of these 


6-hydroxy lactams (189) were also identical. 
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It was then established that the 4-acetoxy benzo- 
xazine (185) could be converted mainly to the 6-acetoxy 
derivative (187), together with trace amounts of 7- 
acetoxy-3,4-dihydro-3-oxo-2H=-1,4-benzoxazine (188) and an 
additional unidentified compound. 

Treatment of 4-acetoxy=-3,4-dihydro=3-oxo-2H-1, 4- 
benzoxazine (185) with glacial acetic acid gave a product 
which, on repeated recrystallization, yielded 6-acetoxy- 
3, 4-dihydro-3-oxo-2H-1,4-benzoxazine (187). When the 
filtrates from these recrystallizations were bulked and 


evaporated to dryness, a residue was left. This solid was 
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further investigated. Its infrared spectrum was nearly 
identical to that of the pure 6-acetoxy derivative (187) and 
it gave only one spet on thin layer chromatography, but 
mepeated recrystalligation and column chromatography failed 
Boeralise 1ts melting point EC Ehatscf 187. On one occasion, 
however, a small amount of compound was obtained which had 
a melting point that suggested that it might be 7-acetoxy- 
3, 4-dihydr o-3-oxo-2H-1,4-benzothiazine (188). The infrared 
Sspectrum*of F was similar to,~“but nompdentical*with,” that of 
the 6-acetoxy derivative (187). Its n.m.r. spectrum also 
possessed a three-proton aromatic signal which differed 
Significantly from that of the 6-acetoxy lactam. It was 
then found that the infrared and n.m.r-y,spectra of this 
compound were superimposable on those of an authentic sample 
of 7-acetoxy-3,4-dihydro-3-oxo-2H-1,4-benzothiazine (188) 
prepared by the method outlined by Loudon and Ogg (1955) 
(Scheme 13). 

Attempts to isolate more of this compound from the 
reaction mixture were unsuccessful, but when a sample of 
the mixture was subjected to gas-liquid chromatography, a 
chromatographic trace was obtained which indicated the 
presence of three products represented by peaks I, II, and 
TIT as shown in iFigure 10. 

The largest of these peaks (II) was increased in size 
when a sample of pure 6-acetoxy-3, 4-dihydro-3-oxo-2H-1, 4- 
benzothiazine (187) was added to the mixture prior to 


chromatography. Similarly, peak III was augmented when the 
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7~acetoxy derivative (188) was added. Peak I was not 


identified at this time. From this it was determined 
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Figure 10: Chromatographic trace of the product from 
the reaction of acetic acid with 4-acetoxy- 
3,4-dihydro-3-oxo-2H=-1, 4-benzoxazine. 


that the treatment of 4-acetoxy-3,4-dihydro-3-oxo-2H-1,4- 
benzoxazine (185) with acetic acid gave rise to 6-acetoxy- 
3,4-dihydro=-3-ox0=2H-1,4-benzoxazine (187), 7-acetoxy-3,4- 
dihydr o-3-oxo~2H=-1,4-benzoxazine (188), and a third, as 
yet unidentified, product in yields of approximately 85, 
10, and 5% respectively. 

To confirm that the N-acetoxy group was involved in 
these reactions, the hydroxamic acid (168) itself, was 
treated with glacial acetic acid. This yielded only 
starting material. Similarly, the lactam, 3,4-dihydro- 
3~oxo-2H-1,4-benzoxazine was recovered unchanged after 


heating with acetic anhydride. 
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When 3, 4-dihydro-4-hydroxy-3-oxo-2H-1, 4—benzoxazine 
(168) was heated with propionic anhydride in propionic 
acid, a crystalline solid was obtained. This product 
proved to be 3,4-dihydro-3-o0xo0-6-propionoxy=2H-1, 4- 


benzoxazine (191). 
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| i CH3 CH, COOH 
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168 LOT 


The microanalysis of this compound (191) satisfied 
a molecular formula C1 Hj, NO, ; its infrared spectrum and 
n.m.or. spectrum were in agreement with this formula. 
Hydrolysis of 191 yielded 3,4-dihydro-6—-hydr oxy-3-oxo-2H- 
1,4-benzoxazine (189). 

It was also found that 3,4-dihydro-3-oxo-6-propio- 
noxy-2H=-1,4-benzoxazine (191) was formed when 4-acetoxy- 
3,4-dihydro-3-oxo-2H=-1,4-benzoxazine (185) was heated 
wWith~propionic acid; in contrast, Wine action of propionic 
acid on the 6=-acetoxy derivative (187) yielded only 
starting material. 

Obviously, this reaction involves more than simple 
nucleophilic attack by the acetateévapion. if this were 
S06, one might. expect substituGlony to occur at the 2-7, 7-, 


and possibly the 5-position in the hydroxamic acid (Scheme 


en) est wh Sie oy ee 
‘ onissxosaedab, tons EHORO 2 -ynoxbed samonbyiib- € 

! al my iy ee My 
‘gSimoide ct md obi pty gntts Sinakqosg, Adiw hall si 


Jouboug abd Henistdd ssw bkloe enibiaseyas | i 


~'§ ,f-Ho=yxorotqoxg~ d-ons-t-oktyai~ Ey od od 


a ae (et) ents 


oh 


3 | cl ce ae 
Bn aba! y | ea 39 sig alt ) a S| 


Veet ; \ Gy 
H OSS th : 
HO 
fer Bal 


boitetase (LOL) bavedmés ‘eteh Fo! sbaykensoasia oft 
Fe ; | i a a 
bis musjosde bersxter edi 4 1 gO Bg gD shams shinee 


sii W102 ics dtiw tramse 3p ne oxew imuaioege 


tH 


-HS=ox0+€ Ey to thyss3~6 oapcli Bt n§ bebtoty. nek: % 4 ek 


| ws 
"1 ee (ean oni saxosned 


i 


-oigo IGS -OxoO- mE Oa “Bi ene Bade? eels: ecw pep 


i, 
“yxot5584 mf rt Aw Pema haaadl ee i Shire exosngdsB LoS a 
bodsort 26M deny at sespsiestd E-S-ono-¢-ostr tn f 
, phaptgoxd 20 wee aie Jeera) at snes i nebo tah 
Yyino beptety at) pend i ob yxoseoe-d ot Pe 
ae ys e 


5 i . " Le Ae ; te ie oy ; Pt oe i 7 e. i i : Pig die pay 162 
| adh Q. 


(oy ve 


ome: 
ot a 


er stamia: eee 930m" Bévhouas) a OO 
_ ’ 4 ant ~i re 


7 ie 5 
o> oe 


x80 aldt $3 Bb nile 


ae 


7 “agp 90. nok : 


ii bec Ni 


H 
Q NN 6) N 
at — | 7 
om 0 


VT Ssweyos 


Q00*HD *HI0005 { 


“Ho ae 40090 


| 
0 N Q N ic 
L NS) Wie = ow 
O-- Fo A ae ; 


beers 


9020 
H ») 
Q NN HO oS 
bE ee | 
: 0 
cies Sy ty0090_} 


; 7 

4 i) i ; 2 i nl 

{ it A : " ' { 
Dy a Te | | eae | ya 
| i 7 i; my ; A i i ’ a fi ‘ Pil : is \ i i : 
Foner ’ bb ; ; Wh ay ' abe 44 5 } j 

ay f ‘ mh ie ih eae H seam iy ny At) ; 
: ie} he 7 | ee Fk 
i! - i ' 
HT 
’ ny 


en 0 yemey| 


- 124 - 


a =g <“Gip 000, 
£49020 


4 


4 


a 


WE 00D *HD 


oat? 


OO 


=HI000. 


On Na 
aT = 
Qo 


£49000, 


GT eweyos 


Wo 


ee 


es 


“W9009 


Oath ae 
2900 *HD Ty) 


ie Vv hae 
' ~ BSE a j Gu vi eye . ’ 
ii bie | | Se | 
i a ie Ci eee 1 ly 7 ! t 
ha ? aa 8 : t 
| nl ii wy i nw MAL alt ui 1 oa 
| , ) Li Uit Me ke Gc 
| ie eo ee # 
? Wel i a aa Wy’ 
; Vie i { 
h f \ hs (iy 1, Mi P 
\ Ma Hea yt aa 
, y QO. { 9 < re oh a 
my Gye! ae CA 4 
Hi. 7 ep 
Oy 
ae 
ip 
=. 
{p 
power 
0g 
i 
i 
‘ 
i 
* " 
; 1 i] 
1 : 
a 
L ay 
: x 
\ 5 On a) 


Lon 


| ¥: a aya : | 


= 2 = 


14). 

Even if a free radical, rather than an ion-pair, 
mechanism was involved, the formation of the 6-acetoxy 
compound is not explained. One would also expect a free 
radical mechanism to give rise to 2-, 7-, and possibly 
5-substituted compounds (Scheme 15). 

It has been confirmed that the presence of the N- 
acetoxy function is necessary for the rearrangement to 
eccur. If this reaction did not involve zhissgroup, the 
same type of reaction should occur in the lactam series. 
As mentioned, when either the benzothiazine or benzoxazine 
lactams were treated with acetic anhydride only starting 
material was recovered. 

From these observations a tentative mechanism is 
proposed (Scheme 16). This involves an intermolecular 
rearrangement as shown below. The rearrangement is pre- 
sumably influenced by the presence of the ring oxygen 
atom, which might be responsible for the reaction occur- 
ring at the 6=position. 

The conversion of 4-acetoxy-3, 4-dihydro-3-oxo-2H- 
1,4-benzoxazine (185) to 3, 4-dihydro-3-oxo-6—-propionoxy- 
2H-1,4-benzoxazine (191) by the action of propionic acid 
can also be explained by this mechanism only if the 
conversion involves an ester exchange (Scheme 17) before 
the rearrangement takes place, since it has been shown 


that an ester exchange does not occur when 6-acetoxy- 
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3, 4-dihydro-3-oxo-2H-1,4-benzoxazine (187) is heated 


under reflux in propionic acid. 
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From the above discussion it is seen that more work 
will be required to clarify this mechanism and to fully 
investigate the scope of the reactions of hydroxamic 


acids. Such studies are now in progress. 
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Melting points were determined on a Thomas Hoover 
capillary melting point apparatus. All melting points 
are uncorrected. Infrared (i.r.) spectra were recorded 
as nujol mulls on a Beckman IR-10 spectrophotometer 
unless otherwise specified. Nuclear magnetic resonance 
(n.m.r.) spectra were taken on a Varian A-60 Spectrometer, 
using trimethylsilane as an internal standard and deuter- 
ated dimethyl sulfoxide as solvent unless otherwise stated. 
Mass spectra were determined by Dr. A.M. Hogg and his 
associates, Department of Chemistry, University of Alberta, 
with an A.E.I. MS=9 or MS-12 mass spectrometer at an 
ionizing potential of 70 eV using the direct probe tech- 
nique. Elemental analyses were performed by the Depart- 
ment of Chemistry and the Faculty of Pharmacy and Pharma- 
ceutical Sciences, University of Alberta. 

The author wishes to thank Dr. R.T. Coutts and co- 
workers for furnishing authentic samples of the following 
compounds: methyl (4-methyl-2-nitrophenylthio) acetate 
(Coutts, Peel, and Smith, 1965); (4=-chloro-2-nitrophenyl- 
thio) acetic acid and methyl (4=-chloro~2-nitrophenylthio) - 
acetate (Coutts, Barton, and Smith, 1966); 3-methyl-4-(o- 
nitrobenzylidene) -l-phenyl=-2-pyrazolin-5-one (Coutts and 
Edwards, 1966); zinc chelate of 3,4-dihydro-4-hydroxy-3- 
oxo-2H=1,4-benzoxazine (Coutts and Hindmarsh, 1966); 2- 
acetoxy~-3,4-dihydro-3-oxo~2H-1,4-benzothiazine and 4- 


acetoxy~3, 4~dihydro-3-oxo0-2H-1, 4-benzothiazine 1,1-dioxide 
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(Coutts et al, 1968); 7-chloro-2-ethy1l-3,4-dihydro-3-oxo- 


2H-1,4-benzoxazine (Hindmarsh, 1970). 


General procedure for sodium borohydride and_ 


pal ladium- 


charcoal reductions 

An aqueous solution (10 ml) of sodium borohydride 
(0.5 g) was carefully added to a suspension of palladium- 
Charcoal (0.05 g),sin water /65 ml). <A concentrated. sol- 
ution ,of the nitro compound (1.0 g)., .in a,suitable .sol- 
vent, was added dropwise to this reducing system over a 
period of fifteen minutes. Nitrogen was passed through 
the suspension during the addition of the nitro compound, 
and for a further fifteen minutes after the addition was 
completed. If the catalyst tended to precipitate, suff- 
icient water was added to resuspend it. The reaction 
mixture was then filtered, and the filtrate treated in 
the manner described in detail in the following proce- 


dures. 


o) pyrazolin-5-ones 


phenylthi 


4-(o-Nitro 


Bis=-(o=-nitrophenyl) disulfide (120) (Bogart and Stull, 


1928) 


A hot ethanolic solution (1.5 1) of sodium disulf- 
ide, prepared from sodium sulfide (360 g) and sulfur 
(48 g), was slowly added to a hot solution of o-chloro- 
nitrobenzene (315 g) in ethanol (500 ml). After heating 
on a water bath for two hours, the reaction mixture was 


cooled and filtered. The resulting product was washed 


y 
i 
ll 4 
i 
a” 
{ 
i, 
i? 
i) 
Ny 
a ” 
a as 
Pont ir 
he 
én Fan 


UM | i 

a4 | ey iy} 
ARSE - Rey 
ii Arar ey: np ue Va) 


baAvoOghos omt tit Sfit to nGitibbs. anit, Bat THB, Nota =reqen 


it 


sv teaer ne 


(oer! vale sen ani sexonna 


Tahal, 


fi y iM ee « 
moibe. Ceo | bits. lab wii ctoopesrt! miuibee | x03. js 2uubeno: i 


| 


: * Oy ; ; ; | ‘ 
sbi xbydoxod murboe io Um. OL ) nokguioe 2uOSuRS 
mucbelflsaq Io soketéegaue «jot, be ibs. yildtonss, eew 


+o : di 


! 


. ae cay 7 En 
-loe. BetertdebaAos ie « (Beret) sich at (p 20.0) £ Oe 
+foe aldetiva sab «(p Or fi passsgo9 | oxhin anid ae 


6 tevo mateye paioubes ates Qs eaiwao 1h bebhe ew, 
a 
Z* Ouber 


dipuoxrds beeeqg SEW 19R ore £U _agdudim ate nab Bes 


bi aH 
m dat 


~ 


aaw nocd rhbs eds testis aoctwiim needs ai xodd-103, 6. 
aye ,sisdigiognwe op bebuet al fase. “4 wil he, 
. 


noito sax SAT) ak basqeure [oy Paimbe, BBW cn a 
y t 


ook bedeort nn +f. at odd baw -Bexeatte nods, eer or 


Mh -— , Uae | ” y 
~S00% tq prtwol fot ea i; ba ig Jb i _bediismaeb — 
is i i / th : { P 


vw , 


if co Cy ae \ iB" r¢ 
Ae ae Y 


A Eee bai “(e 09e) aes 


ey 


widens % Rhies Seliss 


(a oe) to | 
ean ne 


f mt : y f fe ; 
i i Mi a ata’ 


wig ; 


enbtson 192A 


43 SW 2 5-3 met 


y l y at 


- “130 “= 


with water, leaving the title compound, as a yellow solid 
(180 g), m.p. 189-190°. Reported (Bogart and stull, 


1928) m.p. 192-195°, 


o-Nitrobenzenesulfenyl chloride (119) (Hubacher, 1935) 


A stream of dry chlorine gas was passed slowly 
through a warmed suspension of bis-(o=-nitrophenyl) di- 
sulfide (77 g) and iodine (0.25 g) in dry carbon tetra- 
chloride (300 ml) for one to two hours. The reaction 
mixture was cooled and filtered, leaving a yellow solid. 
A second crop of crystals was obtained by concentrating 
the mother liguors. These products were combined and 
recrystallized from carbon tetrachloride leaving yellow 
needles of o-nitrobenzenesulfenyl chloride (70 g), m.p. 


73-75°. Reported (Hubacher, 1935) m.p. 73-74°. 


1,3-Diphenyl=2-pyrazolin=-5-one (121b) (Hinton and Mann, 


io 59) 

Phenylhydrazine (11.9 g) was slowly’ added to ethyl 
benzoylacetate (21.4 g) and the mixture warmed on a water 
bath for five minutes. This solution was then poured 
into ether (75 ml) and stirred for a further two hours. 
The precipitate, which formed slowly during this time, 
was the title compound. It was an off-white solid (18.2 


g), mop. 136-138° (ethanol). Reported (Hinton and Mann, 


1959) m.p. 135-138°. 


3-Methy1-2-pyrazolin-5-one (12e)" (Carpine, 31953) 
Hydrazine hydrate (17.0 g) was added slowly, with 
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stirring, to a solution of ethyl acetoacetate (44.5 g) 

in ether (150 ml). A vigorous exothermic reaction occur- 
red. The suspension, which formed almost immediately, 
was filtered, and the precipitate was washed with water 
and ether to yield 3-methyl-2-pyrazolin-5-one (25.3 g), 


m.p. 223-226°. Reported (Carpino, 1958) m.p. 221.5-224.5°, 


-Methy1-4- (o-nitrophenylthio) -1-phenyl-2-pyrazolin-5-one 


(117a)- (Coutts, Hindmarsh, and Pound, 1966) 

A solution of o-nitrobenzenesulfenyl chloride (3.0 g) 
in acetonitrile (20 ml) was added to a suspension of 3- 
methyl-l-phenyl-2-pyrazolin-5-one (3.0 g) in the same sol- 
vent (20 ml). The pyrazolone immediately dissolved anda 
bright yellow solid began to precipitate. This suspension 
was stirred under reflux for four hours, then cooled and 
filtered leaving 3-methy1-4- (o-nitrophenylthio) -l1-phenyl- 
2-pyrazolin-5-one (4.6 g), m.p. 209431710 (decomp) (eth- 
anol). Reported (Coutts, Hindmarsh, and Pound, 1966) 


m.p. 207° (decomp) . 


Tacy!l dpectrum: lels3072 BS1O1 (NOD )spAl625 4(CN) 9)3040- 
3720 with a maximum at 3450 (OH) emt. 


N.m.r. spectrum: T7.85 (3-proton singlet) esd 


be7 122 £93:0(10=proton multipled)y: 


azolin-5-one (117b) 


A-(o-Nitrophenylthio) -1,3-diphenyl-2- 


(Coutts, Hindmarsh, and Pound, 1966) 


o-Nitrobenzenesulfenyl chloride (1.61 g) and 1,3- 


diphenyl-2-pyrazolin-5-one (2.0 g) were dissolved in 
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acetonitrile (60 ml) and heated under reflux for five 
hours. The resulting dark amber solution was evapora- 
ted to dryness leaving a thick brown oil which slowly 
solidified. Recrystallization of this solid from ben- 
zene gave 4-(o-nitrophenylthio) -1,3-diphenyl-2-pyraz- 
olin-5-one (2.91 g), m.p. 184-186° (decomp). Reported 
(Coutts, Hindmarsh, and Pound, 1966) m.p. 182-183° 
(decomp) . 

I.r. spectrum (Unican SP-200) (KBr disc): 1340, 
1525 (NO,) 3 2100-3200 with maxima at 2260 and 3080 (OH) 


em1, 


one (117c) 


3-Methyl1=-4- (o=nitrophenylthio) -2-pyrazolin-5- 


(Coutts, Hindmarsh, and Pound, 1966) 

A solution of o=nitrobenzenesulfenyl chloride 
(2.01 g) in acetonitrile (75 ml) was added to a suspen- 
sion of 3-methyl-2-pyrazolin=-5-one (1.15 g) in the same 
solvent (15 ml), and the reaction mixture heated under 
reflux for five hours. The resulting suspension was 
cooled and filtered leaving a yellow solid (2.12 g). 
This product was dissolved in 10% sodium hydroxide solu- 
tion and the solution washed with ether. Acidification 
of this solution with dilute hydrochloric acid yielded 
3-methyl1-4- (o-nitrophenylthio) -2-pyrazolin-5-one, m.p. 
272-2742 (decomp) (ethanol). Reported (Coutts, Hind- 
marsh, and Pound, 1966) m.p. 273-070- (decomp) . 

I.r. spectrum (Perkin-Elmer, Model=-21) (KBr disc): 


1345, 1525 (NO); 2000-3300 with maxima at 2600 (OH) and 
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3390 (NH) emtt, 


2,3-Dimethyl-4- (o= 


nitrophenylthio) -l-phenyl-3-pyrazolin- 


5-one’ (118) (Coutts and Storey, 1967) 
O-Nitrobenzenesulfenyl chloride (5.51 g) and 2,3- 
dimethyl-1-phenyl-3-pyrazolin-5-one (5.07 g) were dis- 
solved in acetonitrile (250 ml) and the solution heated 
under reflux for thirty minutes. The resulting suspen- 
sion was cooled and filtered, leaving the title compound 
as a yellow precipitate (8.84 g), m.p. 223-225° (ethanol). 


Reported (Coutts and Storey, 1967) m.p. 223-224°, 


phenylthio) -1-pheny1-2- 


=4=(6-nitro 


Reduction tonu3=msthyl 


pyrazolin-5-one (117a) 


with sodium borohydride and palladium-char- 


Method A:_ 


coal _in dioxane 

The title compound (2.02 g) was dissolved in diox- 
ane (50 ml) and reduced by the general procedure (p. 129). 
When the resulting pale brown filtrate was acidified with 
dilute hydrochloric acid, then diluted with an equal 
volume of water, a fleoccuient light brown precipitate 
(0.88 g) formed and was filtered off. This compound was 
dissolved in dilute sodium hydroxide, the resulting 
solution filtered, and the product reprecipitated with 
acetic acid. This yielded 4-(o-aminophenylthio) -3- 
methyl-1-phenyl-2-pyrazolin-5-one (126), m.p. 184-185° 
(ethanol). Reported (Angelini and Martani, 1955) m.p. 
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ism. spectrum: .1620 (CN) 12100-3350 £6O8)-.wia th 
Maxima at 3145 and 3295 (NH, ) em™1, 

Nom.or. spectrum: 77.79 (3=-proton singlet) (CH3); 
2.10-3.54 (12-proton multiplet which exchanged two protons 
on the addition of deuterium oxide, resulting in the col- 
lapse: yof sa’ ‘broad \2=-proton signal centered tatic’T13.1 Oe: 

Mais Sspeectrum:) 9297 1'( 29) [m]*, m/e (% rel abund). 

Accurate mass measurements: 129780935, Ci 6H 15N30S 
requires, 297.0936. 

Anessa lod. for ee eae Cie GHx62i7> Hyx 15408 
Wy lies. “Pounds. C).(65 220 1H ped wks; Wiahibesl Siig 

An ethanolic solution of 4-(o-aminophenylthio) -3- 
methyl-1-phenyl-2-pyrazolin=-5=-one (0.25 g) was acidified 
with concentrated hydrochloric acid (2 drops). 4-(o- 
Aminophenylthio) -3-methy1~-1-pheny1-2-pyrazolin-5-one 
hydrochloride (0.26 g) immediately precipitated, m.p. 
Oe AAS (decomp) (ethanol). Reported (Angelini and 
Martani, 1955) m.p. 240-241°. 

ir.).spectrum (Unicam SP=200G) (KBr ditse)j-34°1620 
(CN) ; 2120-3000 with maxima at 2640 and 2900 (NH) em71, 

Anal eicaleds for C1 6H 6C1N3 08: Giceb eehG3; Hie (4833 


Wee 2259. ° | Found: “Ci, 58.037) Hy 4am arene e229. 


Method B: with iron and ferrous ammonium sulfate 

Using a modification of a method outlined by Hodg- 
son and Hathaway (1944), 3-methyl-4- (o-nitrophenylthio) -1- 
phenyl-2-pyrazolin-5-one (1.02 g) and reduced iron €2ei0leg) 


were suspended in ethanol (50 ml) and the suspension brought 
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to reflux. An aqueous solution (5 ml) of ferrous ammon- 
ium sulfate (0.51 g) was added slowly to the boiling 
solution. Heating was continued for forty-five minutes, 
and the hot solution filtered. The colorless fil- 

trate was placed on a water bath. The solution immed- 
lately darkened and, as it evaporated, a brick=-red pre- 
Cipitate formed. When the solution had been reduced 

to one-half its original volume, it was first diluted 
with an equal volume of water, then made basic with 
dilute sodium hydroxide solution. The ferric oxide was 
filtered off. The dark solution was washed with ether 
and acidified with dilute hydrochloric acid, yielding 
the hydrochloride salt of 4-(o-aminophenylthio) -3-methyl- 
1l-phenyl-2=pyrazolin-5=-one (0.58 g) as a white solid, 
m.p. 235-238° (decomp) (ethanol). 

A portion of this salt was dissolved in dilute 
sodium hydroxide solution, and this solution acidified 
with acetic acid to give rise to 4-(o-aminophenylthio) - 
3-methyl-1-phenyl~2-pyrazolin-5-one, m.p. 183-184° 
(ethanol). The infrared spectra of these products were 


identical to those of the compounds prepared in Method A. 


with sodium borohydride and palladium-charcoal 


Method Cs. 


in sodium hydroxide solution 


Following the general procedure outlined above 


(p. 129) a solution of 3-methy1-4- (o-nitrophenylthio) -1- 
4 


phenyl=2=pyrazolin-5-one (2.0 g) in 10% sodium hydroxide 


solution was reduced with sodium borohydride and pallad- 
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ium=charcoal. The filtered reaction mixture was acidi- 
fied over ice with concentrated hydrochloric acid. 

(The same results were obtained when glacial acetic 

acid was used). Acidification resulted in efferves- 

cence and the formation of a copious cream colored 
precipitaterddn3l g). 6Purification) off this, product 
proved difficult, however, on one occasion a low yield 

of pure compound was obtained by recrystallization from 
Glacial acetic acid. Chromatography of the crude prod- 
ticte (de 42mg) mond ae silicasgelhcoltmny (1! x12" 3+ 50g) ausing 
a benzene/ether (3:2) solvent system resulted in the 
formation of two wide pale yellow bands on the column. 
When the eluate containing the first band was evapora- 

ted on a film evaporator, a yellow precipitate formed. 
This solid was filtered off and dried under vacuum 
Ja-dihydro- 


leaving 9 9-hydroxy=3-methy1-1—pheny1-1H- 


3-b| 4-benzothiazine (125) (0.07 g) asa 


pyrazolo-[4, =1, 


yellow solid, m.p. 214-215°. 

I.r. spectrum: 1625 (CN); 2200-3450 with maxima 
at 2670 and 3060 (OH) and 3375 (NH) cm. 

N.om.r. spectrum: 7.97 (3-proton singlet) (CH) ; 
1,92-3.75 (12-proton multiplet). 

Mass spectrum (Figure 3): 297 (100) (mJ; 295 (41); 
2671426); 250.(9); 2626(23p; M61l4(S); m/eld%lrel abund):. 

Accurate mass measurements: 297.0919, Ci 6H 15N308 


requires, 297.0921; 295.0781, C OS requires, 


tei 3 
295.0780; 267.0831, C,aH,3N3S requires, 267.0831; 250.0562, 
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5 equines, +-25030565 62 ..0378.4C NS requires, 


Sees gM, 
HO 2503-7-8i% 6150300, CoH7NS requires, 161.0300; 161.0179, 
CogH.N.S requires, j161.. 0.174.135 0.146, C7H,NS requires, 
3 5 301.4.3) 


Anal. C OS requires: C, 64.62; H, 5.08; 


H 
di ince 
Deni 3 4 | (Pound: ofC 4.64...53 7 yin 4.4.93 24») 13. 92. 
Evaporation of the eluate containing the second 


yellow band left an oil (0.15 g) which readily solidi- 


fied. Crystallization of this product from ethanol gave 


pale yellow needles of 3-methyl-5-oxo-1=phenyl-2-pyraz- 


olin-4-spiro-2'-benzothiazoline (127), m.p. 154-156°. 


Lone spectrums, 4705. (CO).7 «3265. (NH) cmt, 


N.m.r. spectrum (CDC13) : T7.78 (3-proton singlet) 
(CH) i 5.26 (l-proton, broad signal; exchanged with 
deuterium oxide) (NH); 1.98-3.43 (9=-proton multiplet) 
(aromatic protons) . 

Mass spectrum (Figure 2): 295 (84) [M]*; 267 
(73); 250 (28); 135 (100), m/e (% rel abund). 

Accurate mass measurements: 295.0781, C161 3N3 08 
requires, 295.0/380; 267.0828, C154) 3N,5 requires, 
26/7/0830 7 250.0562, Ci 5H N25 reguires, 250.0565; 


135.0146, C5H,NS reguires, 135.0143. 


Anal. C1 6H 3N308 requires: C, 65.06; H, 4.44; 
N, 14.23. Found: C, 65.40; H, 4.70; N, 14.10. 
Further elution of the column with more polar 


solvents yielded only small amounts of dark brown oils. 


These were not investigated. 
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Reduction of 4-(o-nitrophenylt 


hio) -1,3-dipheny1l-2-pyraz- 


olin-5-one (117b) 


Method A: with sodium borohydride and palladium-charcoal 


in dioxane 

Using the general procedure (p.129), a dioxane 
solution (100 ml) of 4-(o-nitrophenylthio) -1,3-diphenyl- 
2-pyrazolin-5-one (1.0 g) was reduced with catalyzed 
sodium borohydride. The filtrate was acidified with 
dilute hydrochloric acid, flooded with water (600 ml) and 
extracted with ether. The ethereal layer was extracted, 
first with 5% sodium hydroxide solution and then with 
dilute hydrochloric acid, before it was evaporated to 
dryness. This yielded a thick black oil (0.79 g). No 
product was obtained on neutralization of the acid layer, 
while the alkali fraction gave only a trace of dark- 
colored™“sofid “on acl dtricatTron’. 


This reaction was not investigated further. 


Method B: with sodium borohydride and palladium-charcoal 
in sodium hydroxide solution 


4-(o-Nitrophenylthio) -1,3-diphenyl-2-pyrazolin-5- 
one (1.01 g) was moistened with ethanol and dissolved in 
10% sodium hydroxide solution (25 ml). This solution was 
reduced with sodium borohydride and palladium-charcoal 
as described in the general procedure (p. 129). Acidifica- 
tion of the filtrate with dilute hydrochloric acid yielded 


a flocculent yellow solid (0.90 g). (The same product was 


isolated when glacial acetic was used for acidification). 
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This product was dried under vacuum, then placed ona sil- 
ica gel column (1" x 12"; 50 g). Elution of the colum, 
first with benzene, then with a mixture of benzene and 
chloroform yielded small amounts of several dark oils. 

A solvent system of benzene/chloroform (1:9) produced a 
broad yellow band on the column. Evaporation of the 
eluate containing this band left a brittle yellow solid 
(0.18 g). Recyrstallization of this product from ethan- 
ol yielded 9, 9a-dihydro- 


2-hydroxy-1, 3-dipheny1-1H-pyrazolo- 


[4,3-b] -1,4-benzothiazine (143), m.p. 181-184°. 


I.r. spectrum: 1580 (CN); 2100-3400 with maxima at 


3060 and 3700 (OH) cm. 

Mass spectrum (Figure 5): 359 (68) [m]*; 357) 1S): 
841 (51329 e422)ien3s 28a (90; 1254eC25)apeissu(toe); 108 (27), 
m/e (% rel abund). 

Accurate mass measurements: 359.1090, C,H, N, 0S 
requires, 359. 10927, 357.0935, C5 ,H,5N30S requires,, 35/.0936; 


341.0984, C5,H,5N35 requires, 341.0987; 329.0986, C5941 5N35 


requires, 329;0987; 328.0907, C S requires, 326.0906; 


2081453 


OS requires, 254.0514; 135.0143, C.H_NS 


254.0519, Td 


Se stan 
requires, 135.0143. 

Anal. C5 4H 17N305 requires.) 167. / Oe ella ois aN 
11269. Found: C, 70226; 9H, 4263. 4N7 12-30. 

This was the only significant product isolated from 


this procedure. Further elution of the column with more 


polar solvents gave only dark colored oils which were not 


investigated. 
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Reduction of 3-methyl-4-( 


o-nitrophenylt 


5-one (117c) 


Method A: with sodium borohydride and palladium-charcoal 


in dioxane 

3-Methy1-4- (o-nitrophenylthio) -2-pyrazolin-5-one 
(1.3 g) was dissolved in dioxane (125 ml) and the solu- 
tion reduced as outlined in the general procedure (p.129) . 
The filtered reaction mixture was acidified with concen- 
trated hydrochloric acid, flooded with water (600 ml) and 
extracted with ether. The ether layer was in turn ex- 
tracted with 10% sodium hydroxide solution and rejected. 
Acidification of the alkaline fraction yielded only a 
erace: of Llocculent. red solid: 


This reaction was not investigated further. 


with sodium borohydride and palladium-charcoal 


Method B:_ 


in sodium hydroxide solution 
A solution of 3-methyl=-4-(o-nitrophenylthio) -2-pyraz- 


olin-5=-one (2.0 g) in 10% sodium hydroxide solution (25 ml) 
was reduced by the general procedure (p.129). The fil- 
trate, on acidification with dilute hydrochloric acid, 
yielded a yellow solid (1.4 g). Attempts to purify this 
product by recrystallization resulted only in the forma- 
tion of dark yellow to brown solids. A sample of the 


crude product, thought to be 9,9a~dihydro-9-hydroxy-3- 
|-1,4-benzothiazine (146), m.p. 


methyl-1H-pyrazolo~ |4 
242-2452 (decomp), was dried for analysis. 


I.r. spectrum (Unicam SP-200) (KBr disc): 2100-3500 
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with maxima at 2740 (OH) and 3400 (NH) cm7t, 
Anal. C1941 7N308 FequIresS? YNP +18) 98%) sv aianaoy 
Found: N, 18.52; S, 14.28. Poor values were obtained 


for Ciand, Hy 


Reduction of 2,3-dimethyl-4-(o-nitrophenylthio) -1-phenyl- 


3-pyrazolin-5-one (118) 


Method A: with sodium borohydride and palladium-charcoal 


in dioxane 

This reduction involved a modification of the gen- 
eral procedure (p.129). An aqueous solution (15 ml) 
of sodium borohydride (1.02 g) was added in three equal 
portions at five minute intervals to a suspension of 2,3- 
dimethyl=-4=-(o=-nitrophenylthio) -1-pheny1-3-pyrazolin-5-one 
(2.01 g) and palladium-charcoal (0.12 g) in dioxane (100 
ml). After thirty minutes the suspension was filtered 
and the filtrate acidified with dilute hydrochloric acid. 
This solution was concentrated to near dryness on a film 
evaporator, then diluted with dilute hydrochloric acid 
(100 ml), and extracted with chloroform. The chloroform 
layer was then extracted with 10% sodium hydroxide solu- 
tion and evaporated to dryness, leaving a dark brown oil 
(O012L¢g)i.w°The alkaline®layer*was acidified’ with hydro=- 
chloric acid and extracted with chloroform. Evaporation 
of the organic layer left only a trace CfTE IPE (OROS.G)s 
The original acid fraction was neutralized with 50% sodium 
hydroxide solution over ice and the resulting suspension 


extracted with chloroform. Removal of the chloroform left 
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a light brown solid (1.4 g). Recrystallization of this 
product from ethanol and benzene yielded 4— (2-amino-5- 


chlorophenylthio -2,3-dimethyl-1-phenyl1-3-pyrazolin-5- 


one (156), m.p. 180-1819. Thin layer chromatography on 
alumina using ether as the developing solvent gave only 
one spot, R> 0.78. 

I.cr. spectrum: 1642 (CO); 3320, 3400 (NHj) cm /. 

N.m.r. spectrum (Figure 7): 77.58 and 6.80 (3- 
proton singlets) (CH3) 3 4.26 (2=-proton, broad singlet; 
exchanged with deuterium oxide (NH9); 2.30-3.50 (8-proton 
multiplet) (aromatic protons). 

Mass spectrum: 347 (25) [m+2]*; 345 (62) [m]*, 
m/e (% rel abund). 

Anal. C1 7H) 6C1N308 requires: C, 59.04; H, 4.66; 


Mepeee Loe Pound: -C,. So.aly Hy. Sete, Neo. oO, 


Method B: with iron and ferrous ammonium sulfate 


An agueous solution (25 ml) of ferrous ammonium 
sulfate (0.57 g) was added to a suspension of 2,3-dimethyl- 
4~(o=nitrophenylthio) -1-pheny1l-3-pyrazolin-5-one (1.02 g) 
and iron (2.907 g) in hot ethanol (80 ml). The reaction 
mixture was heated under reflux for ninety minutes, then 
filtered while hot. The filtrate was evaporated to dry- 
ness leaving an off-white solid (0.8 g) which, on re- 


crystallization from ethanol, gave 4- (o-aminophenylthio) - 


2,3-dimethyl-1-phenyl-3-pyrazolin-5-one (147), m.p. 204- 


207°. Thin layer chromatography of this product on alumina 


using ether as the developing solvent gave one spot, Re 
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I.r. spectrum: 1642 (CO); 3318, 3400 (NH,) cm}, 
Mags .spectrup:. 7 SL, (63) [m]*, m/e (% rel abund) . 
Anal. C, 7H, 7N308 requires: 8C;, 165,57 7 Hy 550s NG 
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Method C: with sodium borohydride and palladium-charcoal 


in sodium hydroxide solution 


A solution of sodium borohydride (0.5 g) in water 
(10 ml) was added slowly to a suspension of 2,3-dimethyl- 
4-(o-nitrophenylthio) -1l-phenyl-3-pyrazolin-5-one (1.04 g) 
and palladium-charcoal (0.05 g) in 10% sodium hydroxide 
solution. Nitrogen was passed through the suspension 
for forty minutes. At the end of this time the suspension 
was filtered leaving some yellow solid on the filter with 
the charcoal. The filtrate was acidified with acetic acid 
and extracted with chloroform. Evaporation of the organic 
havyerlett.only. a.icace-,.of.bdack il, ¢0.03..9)4.+ The.solid 
on the filter was stirred with chloroform and the charcoal 
removed bye filtration,» Removal,.of. che.,chloroform.,leftt..a 
solid (0.89 g) which on recrystallization from ethanol 


proved to be the starting material, m.p. 220-223°. 


Attempted acetylation of 9, 9a-dihydro-9-hydroxy-3-methyl- 


1-pheny1-1H-pyrazolo- |4,3-bj -1, 4-benzothiazine GL25) 
The title compound (0.11 g) was heated under reflux 
with acetic anhydride in glacial acetic acid for fifteen 


minutes. The reaction mixture was poured into ice anda 
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dark oil was deposited. The suspension was extracted with 
chloroform, giving rise to a thick black oil (0.09 g) 


Enact would not crystallize. 


x,x-Dibenzoy1-9-benzoyloxy-3-methyl-1-phenyl-1H-pyrazolo- 


-1,4-benzothiazine (130) 

A sample of 9, 9a-dihydro-9-hydroxy-3-methy1l-1-phenyl- 
1H-pyrazolo- [4,3-b] -1,4-benzothiazine (1.27 g) was dis- 
solved in dilute sodium hydroxide solution (40 ml) and 
stirred in an ice bath. Benzoyl chloride (1.5 ml) was 
added dropwise to the cold solution. A soft semisolid mass 
formed slowly. After forty-five minutes, more benzoyl chlor- 
ide (1.0 ml) was added and the ice bath removed. Stirring 
was continued for a further forty-five minutes. The reac- 
tion mixture was then diluted with 10% sodium hydroxide 
solution (15 ml) and extracted with chloroform. Evapora- 
tion of the organic layer left a brown semisolid (1.65 g). 
This product was chromatographed on a silica gel colum 
(7x 14"- 60 g). Elutiom with benzene/chloroftorm (1:2) 
yielded a fraction which, on. evaporation, left a reddish- 
brown oil (0.52 g). Repeated trituration of this oil with 
petroleum ether yielded the title compound, m.p. 102-104° 
(decomp), sinters at 85°. 

Ie. aepectrum: L67757 V75ee(co) em71, 

Mass spectrum (Figure 1): 609 (6) [m]*; 488 (16); 
399 (18), m/e (% rel. abund.). 

Accurate mass determinations: 609.1724, C37Hj7N30,8 


requires, 609.1723; 300.1039, C53H),709S requires, 399.1042. 
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Anal. C37H5 7N30,S requires: “"€f eyo 539° We Aua6. 


heryGrSo o*+ “F otndsii UG. 27 Deyo: +. “EE eA oN AOA 


Treatment of 9, 9a-dihydro-9-hydroxy-3-methyl-1-phen 1-1H- 


razolo-|4,3-b|1,4-benzothiazine (125) with dimethyl 
sulfoxide 
The title compound (0.06 g) was dissolved in di- 
methyl sulfoxide (1.0 ml) and the solution was set aside 
to evaporate. After one week the brown solid that re- 
mained was crystallized from ethanol. This yielded 3- 


methy1-5-oxo-1-phenyl=-2-pyrazolin=-4-spiro-2'-benzothiaz- 


guseme 2127) LO F049)... p.-l 52454 the anbraréedAspec= 
trum of this product was superimposible on that of a 
sample of the spiro compound isolated as described pre- 


wPors by a(pP 437)". 


Treatment of 9,9a-dihydro-9-hydroxy-3-methyl—-l-phenyl- 


1H-pyrazolo~ [4,3=b] -1, 4-benzothiazine 


Chloriveracid 


9, Ya-Dihydr o-9-hydroxy-3-methy1-1-pheny1-1H-pyrazolo- 
[4,3-b]-1,4-benzothiazine (0.41 g) was heated under re- 
flux with concentrated hydrochloric acid (2.0 ml) in 
dioxane (20 mi). The reaction mixture, which turned black 
in color almost immediately, was heated for thirty minutes, 
then chilled and diluted with water (50 ml). No pre- 
cipitate formed. The reaction mixture was evaporated to 
dryness leaving a dark brown oil. This product was dis- 


solved in chloroform and the solution extracted with di- 
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lute sodium hydroxide solution. Evaporation of the organic 


layer left 3-methy1l-5-oxo-1-phenyl-2-pyrazolin-4-spiro- 


Z‘-benzothiazoline (127) ) (0.,06,,9),.m.ops» 152-1539.) Infra- 

red analysis confirmed that this product was identical 

to the spiro compound isolated in the previous procedure. 
The alkaline layer was acidified with dilute hydro- 

chloric acid and extracted with chloroform. The organic 

layer left a dark brown oil (0.31 g) on evaporation. This 


product; which failed to crystallize, was not investigated. 


Attempted oxidation of 9, 9a-dihydro-9-hydroxy-3-methyl-1- 
4,3-bl| -1,4-benzothiazine 


hydrogen peroxide 
Hydrogen peroxide solution (30%) (0.5 ml) was added 


to a suspension of the title compound (0.54 g) in glacial 
acetic acid. The reaction mixture turned black in color 
as the temperature of the solution was raised to 85°. 
After thirty minutes at this temperature the solution.was 
diluted with water (30 ml) and extracted with chloroform. 
The organic fraction was washed with dilute sodium hydrox- 
ide solution and dilute hydrochloric acid, then evapora- 
ted to dryness leaving a thick black oil (0.48 g) which 
would) not crystallize, 

The reaction was repeated at room temperature but, 
again, only a black oil was obtained after twenty-four 


hours. 


This reaction was not investigated further. 
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4=(o-Acetamidophenylthio ~3-methyl-1l-pheny1l-2-pyrazolin- 
5-one (138) 


A suspension of 4-(o-aminophenylthio) -3-methyl-1- 
phenyl=2=pyrazolin=5-one (5.05 g) in glacial acetic acid 
(75 ml) was treated with excess acetic anhydride (8.0 ml) 
and heated under reflux for fifteen minutes. Water (25 
ml) was added and the reaction mixture evaporated to 
dryness on a film evaporator leaving a light brown oil. 
Repeated trituration of this oil with acetone yielded the 
title compound (5.14 g), m.p. 170-172° (acetone) . 

I.r. spectrum: 1665 (CO); 2400-3350 with a maximum 
at 3160 (NH) cm7t. 

N.m.or. spectrum (CDC1,) : T.72870(3-proton singlet) 
(CH3) ;© 72820 (3=proten tstinglét)o(CH3) 741495539128 (10=proton 
multiplet) (aromatic protons); 0.05 (l-proton, broad 
Signal; exchanged with deuterium oxide) (NH). 

Mass spectrum: 339 (59) [m]*, m/e (%* rel abund). 


*, 


Anal. H._N.O.S requires: C, 63.70; H, 5.05; N, 


1S HR ECS Be 
d2aessiberotindew.C, 63.747 H, 4.99; N,. 12.01. 


(o-acetamidophenylthio) -3- 


Attempted bromination of 4=- 


razolin-5-one (138) 


Method A: with bromine in acetic acid 


Bromine (0.23 g) in glacial acetic acid (10 ml) was 
added dropwise to a solution of 4-(o-acetamidophenylthio) - 
3-methyl-1-phenyl=2-pyrazolin-5-one (0.51 g) in glacial 
acetic acid (20 ml) over a period of fifteen minutes. 


After another ten minutes the pale yeliow reaction mix- 
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ture was poured over ice and stirred. The resulting sol- 
ution was extracted with a large volume of chloroform 
and ether. The organic layers were combined and evapor- 
ated to dryness leaving a thick oil (0.56 g). .This 
product was stirred with ethanol (8 ml) and filtered 
leaving 3,3'-dimethyl-1,1'-dipheny1-(A*' 4 -pi-2-pyrazoline]- 
5,5'-dione (139) (0.02 g) as a black solid, m.p. 229-231° 
(decomp) (benzene). Reported (Knorr, 1887) m.p. 230-240° 
(decomp). The identity of this product was confirmed 
by comparing its infrared spectrum with that of another 
sample of this compound prepared by the action of pyri- 
dinium bromide perbromide on 3-methy1-4=-(o-nitrophenyl- 
thio) -1-phenyl1-2-pyrazolin-5-one (p.150) . 

Evaporation of the ethanolic filtrate gave a light 
brown o11 (0.43 g) which, on trituration with acetone, 


yielded 4-(o-acetamidophenylthio) -3-methy1l-1-pheny1-2- 


pyrazolin-5-one hydrobromide (140), m.p. 193-194° (decomp) 


(acetone), identical with an authentic sample prepared as 
described below. 

IT.r. spectrum: 1650 (CO); 2000-3500 with maxima 
at 2550, 2600, and 2680 (*NH) and 3305 (NH) cm™t+. 

Mass spectrum: 339 (7) [mM]*; 82 (100); 80 (100), 
m/e (% rel abund). 

Anal. Cj gH) gBrN3055 requires: .C;, 51.43; HH, 4,32; 


Nes 20.00% hound: Cy Sie2 42526 23Ny. S570. 
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Method B: with pyridinium bromide perbromide 


Pyridinium bromide perbromide (1.13 g) was added in 
four equal portions to a solution of 4-(o-acetamido- 
phenylthio) -3-methyl-1-phenyl-2-pyrazolin-5-one. (0.72 g) 
tndglacial sacetic acid (35 ml) over, a; period of ninety 
minutes. The resulting suspension was stirred for eight- 


een hours, then filtered leaving the hydrobromide salt of 


4~-(o-acetamidopheny1) -3-methyl-1-phenyl-2-pyrazolin-5-one 


140) “(0.71 -g) asa white» solid,amip.42925193> (decomp) 
(acetone). Infrared analysis indicated that this product 


was identical to the salt isolated in Method A. 


mil OmAcetamidophenylthio) —3=methylsl=phenyil=2=pyrazolin= 


5-one hydrobromide (140) 


Hydrogen bromide was passed through a cooled acetone 
solution (45 ml) of 4=-(o-acetamidophenylthio) -3-methyl-1- 
phenyl=-2-pyrazolin=-5-one (0.29 g) for two minutes. A 
white solid slowly precipitated. After thirty minutes 
the suspension was filtered yielding a white solid (0.27 
g). Concentration of the mother liquors gave a second 
crop of the same product (0.07 g). -Recrystallization of 
the combined solids from acetone yielded 4-(o-acetamido- 


phenylthio) ~3-methyl-1-phenyl=2-pyrazolin-5-one hydro- 


bromide, m.p. 193-194° (decomp). Infrared spectra indi- 
cated that this product was identical to the products 


isolated in the two preceding reactions. 
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Treatment of 4-(o-acetamidophenylthio) -3-methyl-1l-phenyl- 


{ 


2-pyrazolin=-5-one hydrobromide 


140) with sodium carbonate 


solution 
The title compound (0.53 g) was dissolved-in 10% 
sodium carbonate solution. Acidification of this solu- 


tion with acetic acid yielded 4-(o-acetamidophenylthio) -3- 


me thy 1-1-phenyl-2-pyrazolin-5-one (138) (0.40 g), m.p. 


170-173°. The infrared spectrum of this product was iden- 


tical to that of an authentic sample of this compound (p. 


147). 


Treatment of 3-methy1-4~(o-nitrophenylthio) -1-phenyl-2- 


a 
~~ 


. pyridinium bromide rbromide 


olin=5=-one (117a) 


raz 
Pyridinium bromide perbromide (3.04 g) was added in 
three equal portions to a suspension of 3-methyl-4-(e- 
nitrophenylthio) -1l-phenyl-2=-pyrazolin-5-one (2.01 g) 
in glacial acetic acid (200 ml) over a period of ninety 
minutes. After stirring for eighteen hours, the volume 
of the reaction mixture was reduced to approximately 50 
ml, diluted with 5% hydrochloric acid (50 ml) and extra- 
cted with chloroform. Starting material (0.51 g), m.p. 
208-209°, formed in the separatory funnel. The chloro- 
form extract was washed with dilute sodium hydroxide 
solution. Acidification of the alkaline fraction yielded 
a second crop of the starting pyrazolone (0.32 g). 
Evaporation of the organic layer left a black 
semisolid (1.04 g) which on recrystallization from ben- 


zene yielded 3, 3'-dimethyl-1, 1'-dipheny1- [A*:4 -bi=2=pyr- 
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azoline]-5,5'-dione (139) as black platelets, m.p. 229- 
231° (decomp). Reported (Knorr, 1887) m.p. 230-240° 
(decomp) . 

Ipeiucy Spe ctrume:7 WZ00i4(G0) cm™?, 

Mass spectrum: 344 (73) [M]*+, m/e (% rel abund). 

Pnalanca led stor Copy GN: OC. OO Din wtiGheeO Ss 
MeO. 2) .) FOUNGQs ste, (0,05 bH,¢ os olcan, Woeaa. 


Attempted reduction of 9,9a-dihydro-9-hydroxy-1, 3-di- 
pheny1-1H-pyrazolo- [4, 3-b| -1,4-benzothiazine (143) 


Zinc dust (1.0 g) was added in three equal por- 
tions to a solution of the title compound (0.91 g) in 
boiling glacial acetic acid (30 ml) over a period of 
forty-five minutes. After one hour the reaction mix- 
ture was evaporated to near dryness, then poured into 
chloroform. This solution was washed, first with 10% 
sodium carbonate solution, then dilute hydrochloric 
acid before evaporating it to dryness. Recrystallization 
of the resulting solid (0.58 g) from benzene and ethanol 


yielded 5-oxo-1,3-diphenyl-2-pyrazolin-4-spiro-2' -benzo- 


thiazoline (144) as a yellow solid, m.p. 183-184°. Thin 
layer chromatography on ChromAR Sheet 500 (Mallinckrodt) 
ising chloroform as the developing solvenc revealed only 
one component, R¢ 0.48. 

i.t.) spectrum: 1718) (CO) see 770) (NA) om? 

Mass spectrum (Figure 6): 357 (63) (m|t, 329 (78); 
Be (100i 2 54: (25) 2 say) m/e (% rel abund.),. 
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Acidification and extraction of the sodium carb- 
onate fraction left’ a black oil (0.12 °g). The acid layer 
on neutralization and extraction, yielded only a trace 


of dark oil (0.01 g). Both semisolids were discarded. 


Treatment of 9, 9a-dihydro-9-hydroxy-1,3-di 


pheny1-1H- 


pyrazolo~ |4_ ~1,4-benzothiazine (143) with acetic acid 
A solution of the title compound (0.02 g) in glacial 
acetic acid (5 ml) was heated under reflux for ten minutes. 
The reaction mixture was evaporated to near dryness, then 
taken up in chloroform. This chloroform solution was 
washed with dilute sodium carbonate solution and evapor- 
ated to dryness leaving a brown solid (0.014 g), m.p. 177- 
182°, Infrared analysis and thin layer chromatography 
on ChromAr Sheet 500 (Mallinckrodt) using chloroform as 


the developing solvent indicated that this product, R¢ 
0.48, was nearly pure 5-oxo=-1,3-diphenyl=2-pyrazolin-4- 
spiro-2'-benzothiazoline (144). 


Acidification and extraction of the sodium carb- 


onate layer yielded only a trace of brown oil. 


(o-nitrophenylsulfonyl)—-1l- 


2,3-Dimethyl-4- 


oline-5=one (153) 

Water (5 ml) and potassium permanganate (4.0 g) were 
added to a suspension of 2,3-dimethy1-4-(o-nitrophenylthio) - 
1-phenyl-3-pyrazolin-5-one (2.03 g) in glacial acetic acid 


(40 ml). After stirring for three hours the black solu- 
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tion was decolorized by the addition of excess hydrogen 
peroxide (30%). The reaction mixture was reduced in 
volume and neutralized by the addition of solid sodium 
carbonate. An equal volume of water was added and the 
solution extracted with chloroform. Evaporation of the 
organic layer left’) a dark brown. oil ‘(0.98 'g)avo This 
product was stirred with ethanol (10 ml) and filtered 
leaving 2,3-dimethy1-4- (o-nitrophenylsulfonyl) -1-phenyl 
So-pyrazolin-5-one (0.56 9g), as an off-white solid, m.p. 
209-211° (ethanol). 

I.r. spectrum: 1330, 1529 (NO,); 1668 (co) cm?. 

Mass spectrum: 373--(3) [m]t, m/e (%.rel abund) . 

Anal. C, 7H) 5N3958 requixe seb 4 J667H M4 O51 NA 
EESZ5 2 S-Pounds! C Poa 567) ATOM IS Gy ANS TE 225 

Evaporation of the ethanolic filtrate left a thick 


dark oil which would not crystallize. This product was 


rejected. 


4-(o-Aminophenylsulfonyi) -2, 3-dimethyl-1-pheny1-3-pyraz- 


olin=-5=one (148) 

The stannous chloride reagent used in this synthesis 
was prepared by the method outlined by Abramovitch and 
Hey (1954). This procedure involved passing hydrogen 
chloride through a suspension of stannous chloride di- 
hydrate 8(9.0 gin glacrad acetic adid ( Femnil)s tnt 
of the solid dissolved. The volume of the final solution 
was then made up to 20 ml with glacial acetic acid. 2,3- 


Dimethyl=4- (o-nitrophenylsulfony1) -1-pheny1l-3-pyrazolin-5- 
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one (0.5 g) was treated with this reagent (5.5 ml). An 
exothermic reaction occurred as the starting material 
dissolved. The reaction was left standing at room 
temperature for forty-eight hours. The white complex which 
formed slowly during this time, was filtered off and 
treated with 50% sodium hydroxide solution over ice. The 
resulting suspension was again filtered yielding the 
title compound (0.44 g) as a white solid,-m.p. 227-228° 
(ethanol). 

iors, spectrum: 1650) .(CO)je 73335720430 (NH,) em71, 

Anal. Cy 7h) 7N30s8 requires: GC, 59.467: HH, +4..997 
PounG), .C,4/59,.102H,> Seid 

Attempts to prepare this compound using an iron and 
ferrous ammonium sulfate reducing system were unsuccessful, 


Only starting material was recovered. 


4- (o-Acetamidophenylthio) -2,3-dimethyl-1-pheny1l-3- 


pyrazolin=-5-one (155) 


A suspension of 4-(o-aminophenylthio) -2,3-dimethyl- 
1-phenyl=-3-pyrazolin-5-one (1.05 g) in acetic anhydride 
(4 ml) was heated under reflux for ten minutes. Water 
(20 ml) was added and heating continued for another fif- 
teen minutes. The reaction mixture was cooled and ex- 
tracted with chloroform. Evaporation of the chloroform 


layer left a brown semisolid (0.89 g). Recrystallization 


of this product from ethanol gave 4=-(o-acetamidophenylthio) - 


2, 3-dimethyl-1-phenyl-3-pyrazolin-5-one, m.p. 162-164°. 
I.c. spectrum: 1650, 1700 (CO); 3250 (NH) cm?. 


ttxose endgang® itd, ‘ae | 
moon $6 midis J20 | sm HO 
dot dw soba oditdw ian 0A) nore 


ai? eck alevo’ eta fed “sbi 


erld) pHEDLOLY | haxe 
Ob hei ty. ride Pe 


visage bin ol 


19 


A (.flid), OEDE ,GEEE : (O07 deal ‘aden ory 


iy et, ! ba. Lie ; Pg BC a 
C@.8 iH FIR Jee dD eotiupedt ee 2 Leah 


ae | en a, ) ae hi , ~—t 
oF On ial ue a ‘Ai 
rf or a te De iC ahi ee 
if ff | ailcy ne Ly + ean to nen Ate _ LOLS 4, 


abGetrecing pido ‘i fae 20.4) ) ed-ntonenttenack | 
| ted 3 iat aad to: acm iH a (tare) 


1) on 
oy 


mabtoantne ent 3 nei sesogevih | | 
pgpeneceonint 6 e807. ie: opines 


== J - 
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(o-Acetamidophenylsulfonyl) -2,3-dimeth 1-1-pheny1-3- 


pyrazolin=-5-one (154) 
Method A 

A solution of 4-(o-acetamidophenylthio) -2,3-di- 
methyl-1l-phenyl=3-pyrazolin=5-one (1.6 g) in glacial 
acetic acid (25 ml) and water (2 ml) was stirred in an 
ice bath, and solid potassium permanganate (3.5 g) was 
added slowly. After ten minutes, the ice bath was re- 
moved and the solution stirred for thirteen hours at 
room temperature, Hydrogen peroxide (30%) was added to 
decolorize the reaction mixture. This solution was 
neutralized with solid sodium carbonate then extracted 
with both ether and chioroform. The organic layers were 


combined and evaporated to dryness leaving a light brown 


(o-acetamidophenylsulfonyl) -2,3- 


oil (1.1 g) from which 4- 


dimethyl-1-phenyl-3-pyrazolin-5-one, m.p. 212-213° 


(ethanol), was obtained on trituration with absolute 
ethanol. 
i.) spectrum: ouK645; .CL/030. (CO) MS 3A0VA NH) em7L. 
Anal. Geos NsOwS: requires: C7759 .217 34.98; 


19°19 3 4 
N. 210.90. Found? “C3. 59.3674H,25.08; Ni aide 4ee 


Method B 


Acetic anhydride (1.0 ml) was added to a suspension 


of 4-(o-aminophenylsulfonyl) -2, 3-dimethy1-1-pheny1-3- 
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Ppyrazoline-5-one (0.4.9) in glacial acetic acid (3,ml). 
The reaction was heated under reflux for ten minutes, 
diluted with water (5 ml), then heated for a further ten 
minutes. The reaction mixture was cooled and filtered 


leaving a white solid (0.2 g). Crystallization of this 


product from ethanol gave 4-(o-acetamidophenylsulfonyl) - 


2,3~dimethyl-1-phenyl-3-pyrazolin=5-one, m.p. 213-215°. 


The infrared spectrum of this product was identical to 


that of the product prepared by method A. 


4- (2-Acetamido-5-chlorophenylthio) -2, 3-dimethyl-1-phenyl 
3-pyrazolin-5=-one 


4-(2-Amino-5-chlorophenylthio) -2,3-dimethyl-1- 


phenyl-3=-pyrazolin-5-one (0.17 g) and acetic anhydride 
(3 ml) were heated under reflux for five minutes. The 
reaction was diluted with water (5 ml), heated for another 
five minutes, cooled, and filtered leaving a brown solid 
(0.14 g). Recerystallization from benzene, then ethanol 
yielded the title compound, m.p. 202-203°. 
Ejrwaspectrum:y 116402, 1700 t(GO)aB325)(NA) cml, 
Anal. Cr oy goth 3 58 requimes 3+ <Gy2idSi. Saye Hrr4.68; 
NiAcgh®. 8S2rrG1, ¢9el4o |. Foundwa CeyaQeOSredd, +5. Ow el0.41; 


GhaySn90. 


o) -2, 3-dimethyl-1l- 


4~ (o-Hydroxylaminophen Eson® 


pyrazolin-5-one (158) 
2, 3-Dimethyl-4- (o-nitropheny1lthio) -1-pheny1-3- 


pyrazolin-5-one (2.24 g) was reduced with sodium boro- 
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hydride and palladium=charcoal in dioxane using the proced- 
ure described on page 141. In this case, the filtered 
reaction mixture was acidified with glacial acetic acid. 
This solution was evaporated to dryness on a film evapor=- 
avery leaving a thick oil which solidified ton tritura-— 


tion with ethanol. Crystallization of this product fram 


aqueous ethanol yielded 4-(o-hydroxylaminophenylthio) - 


2,3-dimethyl-1-pheny1-3-pyrazolin-5-one (1.5 g), m.p. 156- 
157° (decomp) . 


ieee spectrum: 1619°°(C0)':"38245 %(bread) ( (OH and: NB) 
on =. 

Mass spectrum: 327 (1) [m]*; Sey Aspen enlls ais) 
m/e (% rel abund). 

Anal. Cj 7H) 7N305S requires +2 9Gy 62.367) He. SaZoro Ny 


ios § Kounds:. Cy tO2..24 50 ee Loon, wee oe 


4-(o-hydroxy laminophenylthio) -2, 3-dimethyl- 


Treatment of 


one (158) with hydrochloric acid 


A methanolic solution (30 ml) of the title compound 


l-phenyl=-3-pyrazolin-5=- 


(0.36 g) was chilled in ice and treated with hydrogen 
chiloride for five minutes. (‘After standingsfor-forty— 
eight hours, the solution was evaporated to dryness 
leaving a black oil. .This oil was poured into chloroform 
and extracted with hydrochloric acid. Evaporation of 

the chloroform left a black oil which would not crystal- 
Vive 00 924g). © Neutralizationvandsextraction of the 


acid layer yielded a grey solid (O¢ 14g)", Recrystal- 


lization of this product from benzene and ethanol yielded 
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a mixture of 4- 


~(o-aminophenyithio) -2,3-dimethyl-1-phenyl- 


3=pyrazolin-5-one (147) and 4~ (2-amino-5-chlorophenylthio) - 


2,3-dimethyl~1-phenyl-3=-pyrazolin-5-one (56) Jas an coffee 
White solid, m.p. 168=174°. Chromatography on. both 


ChromAr Sheet 500 (Mallinckrodt) and alumina using 
chloroform, chloroform/ether, ether, and benzene/ethanol 
as solvents gave only one spot, Re (on alumina with ether 
as a developing solvent) 0.77. 
I.r. spectrum: 1638 (CO); 3318, 3400 (NH>) cm, 
Maes vepectrum: 347 (05) B45 Ws) oie) a (9) 


me, 66 rel abund). 


(2,3-dimethyl-1-pheny1-3-pyrazolin-=-5-on-4-yl) thio |- 


azoxybenzene (160) 
Method A 

2,3-Dimethyl-4- (o-nitrophenylthio) -1-pheny1l-3- 
pyrazolin-5-one (1.01 g) was reduced by the procedure 
described on page 141. This time the filtered reaction 
mixture was evaporated to dryness without acidification 
leaving a grey semisolid. This product was taken up in 
hot ethanol and filtered, leaving a grey water-soluble 
residue which was rejected. Evaporation of the filtrate 
left a thick oil (0.48 g) which slowly solidified. Re- 
crystallization of this solid from a dimethyl sulfoxide/ 
ethanol solvent system yielded the azoxy compound as a 
yellow solid, m.p. 272=273° (decomp). 

Infrared spectrum: 1668 (CO) em=1, 


Mass spectrum: 634 (0.3) [m]*; 618 (2), m/e (% rel 
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Method B 

4— (o-Hydr oxy laminophenylthio) -2, 3-dimethyl-1- 
phenyl-3-pyrazolin=-5-one (0.48 g) was suspended in 
dioxane (30 ml) and 30% hydrogen peroxide solution (2.5 
ml) was added gradually with stirring. The reaction 
mixture was stirred for eighteen hours during which time 
the starting material dissolved and a precipitate formed 


(O.17\g) 2 Recrystallization of this solid from dimethyl 


sulfoxide/ethanol gave 2,2'—Bis — [ (2,3-dimethyl-1-phenyl- 
vl)thio lazoxybenzene (160), aap SQ pA 


(decomp), the infrared spectrum of which was superimpos- 


3 


razolin+5-or- 


ible on that of the product obtained by method A. 


Interaction of Cyclic Hydroxamic Acids and Aromatic 


Hydroxylamines with HydrochlomiceAcid 
-~1,4-benzothiazine (162) 


6-Chloro=-3 , 4-dihydro=-3-o0xo0-2H 


(Prasad and Tietje, 1966) 
(4-Chloro-2-nitrophenylthio) acetic acid (2.6 g) 


(Coutts, Barton, and Smith, 1966) was dissolved with 


sodium hydroxide (2.6 g) in water (250 ml) and warmed 


to 45°. Sodium hydrosulfite (7.0 g) was added to the 


. fe) 
stirring solution and the temperature faitsea to 5, 


After five minutes, activated charcoal was added and 


the hot reaction mixture filtered. The hot filtrate 
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was acidified with concentrated hydrochloric acid, cooled, 
and extracted with chloroform, Evaporation of the chloro- 
form layer yielded the title compound (1.3 gimp. °201= 
203° (ethanol). Reported (Prasad and Tietje, 1966) m.p. 
205-206°, | 

I.r. spectrum: 1670 (CO): 3185 (NH) eee 

N.m.r. spectrum (Figure 9): 76.50 (2-proton 
singlet) (CH5) ; 2.48+3.10 (3-proton multiplet) (aromatic 
protons); -0.67 (l-proton, broad singlet; exchanged with 


deuterium oxide) (NH). 


(o-Nitrophenylthio) acetic acid (149) (Brewster, 1968) 


o-Nitrochlorobenzene (32.0 g), thioglycollic acid 
(15.2 g) and sodium carbonate (40.0 g) were dissolved in 
50% aqueous ethanol (440 ml) and this solution heated 
under reflux for three and one-half hours. A portion of 
the ethanol (200 ml) was removed by distillation. The 
mother liquors were filtered, cooled, and acidified with 
dilute hydrochlioric acid. The resulting suspension was 
filtered yielding (o-nitrophenylthio) acetic acid (22.8 g), 
m.p. 158-1629. Reported (Brewster, 1968) m.p. 164°. 

Teme epéc trum: ? F930.) 505 SQN05)" 7? 2700's. 4(CO)¥7**2000— 


3360 with maxima at 2570 and 2675 (OH) cm71, 


Methyl (o-nitrophenylthio) acetate 


Concentrated sulfuric acid (20 ml) was added slowly 
to a hot methanolic solution (200 ml) of (o-nitrophenyl- 


thio) acetic acid (18 9). This solution was heated under 
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reflux for six hours, cooled, and filtered leaving a 
yellow solid (12.3 g). Concentration of the mother li- 
quors yielded a second crop of the same product (4.2 har 
Recrystallization of these solids from ethanol yielded 
the title compound as yellow needles, m.p. 88-89°. 
Reported (Coutts and Wibberley, 1963) m.p. 89-90°, 


I.r. spectrum: 1328, 1503 (NO); 1723 (CO) em 1, 


 ~4-benzothiazine (150) 


3,4=-Dihydro=-4-hyd rox y-3-o0xo=2H=1 
Following the general procedure (p. 129), a solution 
of methyl (o-nitrophenylthio) acetate (2.5 g) in dioxane 
(50 ml) was reduced with sodium borohydride and palladium- 
charcoal. The filtrate from the reaction was acidified 
with acetic acid and reduced in volume to approximately 
30 ml on a film evaporator. The resulting suspension was 
filtered leaving 3,4-dihydr o-4—hydroxy~3-oxo-2H-1,4- 
benzothiazine (1.13 g) as a white solid, m.p. 148-150° 
(ethanol). Reported (Coutts, Barton, and Smith, 1966) 
MePapkSl—k52 7. 
Lox. spectrum: 1627, 1672 (CO); 2400-3280 (0H) cmt. 
NeMel ar chae3h : l2epyokengsitaglet i. (CHs) ..2..50— 
3.19 (4-proton multiplet) (aromatic protons); -0.47 (1- 


proton, very broad signal; exchanged with deuterium oxide) 


(NH) . 


3-oxo-2H-1,4-benzothiazine (161) 


7-Chloro-3,4-dihydr o- 


A stream of hydrogen chloride was passed through an 


ice cold methanolic solution (15 ml) of 3,4-dihydro-4- 
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hydroxy-3-oxo=-2H-1,4-benzothiazine (0.35 g) for ninety 
seconds. The solution was left standing at room temp- 
erature for three and one-half hours before the solvent 
was removed leaving a grey solid. Crystallization of 
this product gave 7-chlor o-3,4-d ihydro-3-oxo-2H-1, 4- 
benzothiazine (0.26 g), m.p. 204-206°. Reported 
(Vasiliu, Major, and Arsenesca, 1963) m.p. 206°. 

I.r. spectrum: 1688 (CO); 3180 (NH) cmt, 

N.m.or. spectrum (Figure 8): 7 6.50 (2-proton 
singlet) (CH) ; 22.45-3.10 (3-proton multiplet) (aromatic 
protons); -0.68 (l-proton, broad signal; exchanged with 
deuterium oxide) (NH). 

Mass spectrum: 201 (35) [mero]; 199 (100) [mM], 


m/e (% rel abund). 


6-Chloro=-3, 4-dihydro-4-—hydr oxy~3=oxo-2H-1, 4-benzothiazine 
(164) 

A dioxane solution (40 ml) of methyl (4-chloro-2- 
nitrophenylthio) acetate (1.08 g) (Coutts, Barton, and 
Smith, 1966) was reduced with sodium borohydride and 
paiiadium-charcoal as outlined in the general procedure 
(p.129). The filtered reaction mixture was acidified 
with glacial acetic acid and evaporated to dryness on a 
film evaporator. The resulting solid was taken up in 
ether and the solution was extracted with 10% sodium 
carbonate solution. Evaporation of the organic layer 


left a dark brown solid (0.29 g). The alkaline layer 


was neutralized with acetic acid and extracted with 
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ether. The ether layer yielded the desired hydroxamic acid 
(0.51 g) on evaporation, m.p. 177-178° (ethanol). Reported 
(Coutts, Barton, and Smith, 1966) m.p. 179-180°. 


i.r.Pspectrum:) @€l622; 1663. C0) im, 3N50A4( broad) ~ (08) 


6, 7-Dichloro~3,4-dihydr o-3-oxo-2H-1,4-benzothiazine (165) 


6-Chloro=3,4=-dihydro-4-hydr oxy=3-oxo-2H-1, 4-benzo- 
thiazine (0.22 g) was dissolved in methanol (10 ml) and the 
ice cold solution saturated with hydrogen chloride. After 
standing for three hours the reaction mixture was reduced 
to dryness leaving a grey solid, which on recrystalliza- 
tion from ethanol yielded 6,7=-dichloro=-3, 4-dihydro-3-oxo- 
2H=-1,4=benzothiazine (0.15 g), m.p. 249=-251°. 

Lin gaspectrim: hi k62eodCok : £370 aGNe) em71, 

N.m.r. spectrum: 7 6.47 (2-proton singlet) (CHp>) ; 
2.80 (l-proton singlet) (Co-H) ; 2.32 (l-proton singlet) 
(C.-H) 3 ~0.75 (l-proton, broad signal; exchanged with 
deuterium oxide) (NH) . 


Anal. CoH.C1,NOS requires: 1G, 41.04." oH, 20157. N; 


5.98. NFound:? sr@ct40094? Ak. 26429 Ne o5.099s 


Purification of the zinc chelate of 3,4-dihydro-4-hydroxy- 


3-oxo0-2H-1,4-benzoxazine (167) 
A sample of the title compound (Coutts and Hind- 
marsh, 1966) was dissolved in dimethyl sulfoxide, filter- 


ed, and the complex reprecipitated by flooding the fil- 


trate with ethanol. Repeating this procedure several times 
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yielded a pure sample of the zinc chelate, mop. >360°. 
I.r. spectrum: 1631 (chelated Co) om’ 2. 
Anadce Calcdaciccor C1 6H 2N20,42n: Co. 48). 182608 Hy Lh 0'7.; 


Nwader 24.50 Foundsnd Coy 48290s0 Hy i Qe Sails] Ne o7104.. 


,4-Dihydr o-4~hydr oxy=3-oxo-2H=-1,4—-benzoxazine (168) 


Method A 

A sample of the zinc chelate of 3,4-dihydro-4- 
hydr oxy~3=-o0xo0-2H-1,4-benzoxazine (0.18 g) was suspended 
in glacial acetic acid (5.-ml) and stirred for two and 
one-half hours. The reaction mixture was evaporated to 
near dryness on a film evaporator, then poured into 
chloroform. This solution was washed with water and 
evaporated to dryness leaving a grey solid (0.08 g). 
Crystallization of this product from aqueous ethanol 
yielded 3, 4-dihydro-4=hydroxy=-3=-oxo0=2H=1,4-benzoxazine, 
m.p. 164-166°. Reported (Coutts and Hindmarsh, 1966) m.p. 
159-160°. 

I.c. spectrum: 1647, 1682 (CO); 2450-3330: with a 
maximum at 3070 (OH) cm=+. 

Nemer. spectrum: “1 5226 \(2=proton, singlet) (CH5) ; 
2.65=-3.15 (4-proton multiplet) (aromatic protons); -0.67 


(l-proton singlet; exchanged with deuterium oxide) (OH) . 


Method B 


A solution of ethyl (o-nitrophenoxy) acetate (p.179) 
(3.16 g) in dioxane (25 ml) was reduced with sodium boro- 


hydride and palladium=-charcoal according to the general 
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procedure (p.129). After twenty minutes the reaction 
mixture was filtered and the filtrate acidified with 
glacial acetic acid. This solution was diluted with 
water (50 ml) and extracted with chloroform. The chloro- 
form layer was, in turn, extracted with 10% sodium carb- 
onate solution, then evaporated to dryness leaving 3,4- 
dihydro-3-oxo-2H-1,4-benzoxazine (0.23 g) as a light 
browni soldd;cms pen 170427 29 (aqueous ethanol). Reported 
(Loudon and Ogg, 1955) m.p. 171-172°. 

I.r. spectrum: 1700 (broad) (CO); 3128 (NH) om! , 

N.m.r. spectrum: T 5.46 (2-proton singlet) (CH5) ; 
3.10 (4=-proton singlet) (aromatic protons); -0.57 (1l- 
proton, broad signal; exchanged with deuterium oxide) 

(NH) . 

The sodium carbonate layer was acidified with 
acetic acid and the resulting suspension filtered leaving 
aewoite solid (1.02 9g). Crystallization of this produce 
from aqueous ethanol yielded 3,4-dihydro-4—-hydroxy-3-oxo- 
2H-1,4-benzoxazine, m.p. 162-163°,. The infrared spectrum 


of this product was identical to that of the compound 


prepared in method A. 


3-o0xo-2H-1,4-benzoxazine (167) 


wi 


-Chloro-3,4-dihydro= 


A suspension of 3, 4-dihydr o-4~-hydr oxy-3-oxo-2H-1, 4- 
benzoxazine (0.7 g) in dilute hydrochloric acid (15 ml) 
was heated under reflux for two and one-half hours. The 


reaction mixture was cooled, then extracted with chloro- 


form. The organic layer was extracted with dilute sodium 
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Carbonate solution and evaporated to dryness leaving a grey 
solid (0.61 g). Crystallization of this product from 


aqueous ethanol yielded 7-chloro-3, 4-dihydro-3-oxo-2H-1,4- 


benzoxazine (169), m.p. 195-196°. 

I.r. spectrum: 1684 (CO); 3175 (NH) cm7l., 

Nom.r. spectrum: 7 5.42 (2-proton singlet) (CH5) ; 
very broad l-proton signal centered at 4.25 which exchang- 
ed with deuterium oxide (NH); 2.90-3.12 (3-proton multi- 
plet) (aromatic protons). 

Mass spectrum: 185 (35) [m+2]*; 183 (100) [m]', 
m/e (% rel abund). 

Anal. CoH¢-CINO» requires: C, 52.43; HH, 3.29;:N, 
eo. ek OUnG © JC7 52s O07 fh. oreo ws Osis 

Neutralization and extraction of the sodium carb- 


onate layer yielded only a trace of brown oil. 


x 
7-Chloro-2-ethyl=3,4-dihydro~3-o0xo=2H-1, 4~benZoxaz ine 


GIPF£) 

A solution of 2-ethyl=-3,4-dihydro-4-hydroxy-3-oxo- 
2H~1,4-benzoxazine (10 mg) in aqueous sodium carbonate 
solution (20 mi) was acidified with concentrated hydro- 
chloric acid and allowed to stand for fifteen hours. 

The crystalline product which separated (5 mg), m.p. 
143-144°, was 7-chloro~3, 4-dihydro-3-oxo-2H-1,4-benzoxa- 
mone (F72)*. 


I.r. spectrum: 1696 (CO) ; 3190 (NH) Pare 


KW. Hindmarsh carried out this reaction. 
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Mass-spectrum:© ! 213..(20) [m+2]* ; 24) (67) [mM], m/e 
(% rel abund). 
Anal. C1941 CIN, requires: N, 6.62, Found: WN, 


6430" 


4~-(o-Hydroxy laminobenzylidene) -3-methyl-1-phenyl-2-pyraz- 


olin-5-one (172) 

A solution of 3-methyl-4- (o-nitrobenzylidene) -1-phenyl- 
2—pyrazolin-5-one (3.12 g) (Coutts and Edwards, 1966) in 
dioxane (50 ml) was reduced with sodium borohydride and 
palladium-charcoal as outlined in the general procedure 
(p. 129). The filtered reaction mixture was acidified with 
dilute hydrochloric acid, flooded with water (250 ml) and 
extracted with chloroform and ether. The organic layers 
were combined and reduced to dryness, leaving a dark yellow 
oil (2.9 g). This product was eluted from a silica gel 
Solumn.(2" xo8";\35/g) using, chloroform/ether (9:1) . 
Evaporation of this eluate gave the title compound (1.03 g) 
as a yellow solid, m.p. 183-185° (ethanol). 


I.r. spectrum: 1690 (CO) 7, 3100=3400 (OH), with a’ sharp 


Wandtat. 3275 * (NH) emt. 


+ 
Mass spectrum: 293 (21) [m] APQVAtEZ7)-F /eEDK% 
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Anal. C1 7H15N302 requiresuteC, we9nobethpisekseeng 


Mes3benFound: ECap69a74enHpt 5t48 ; ONnehte27< 


~tetadte ~f- ices Aaa ae iat a 
ok (ee! abxewba bas BdtO>) Bos odl anita Loss S$ 20 


* 


7 rh 
fa 


Ons, ee One mittbow Hoke) 


o-aiboednd isxsnep. ciz oi en ioe. cd yer 


aieys! ares: 


wollsiy ABO 8 ‘patvsot 


feo: noite 8 mt poavte 
iy 0.0)! bed 


or 90 


- 168 - 


Treatment of 4-(o-hydrox: 


laminobenzylidene) -3-methyl-1- 


phenyl-2-pyrazolin-5-one (172 _with hydrogen chloride 


The title compound (0.25 g) was dissolved in methanol 
(25 ml) and the solution chilled in ice, then saturated 
with hydrogen chloride. Evaporation of the reaction. mix- 
ture left a brown oil which solidified on trituration with 
ethanol. This product (0.13 g) was crystallized. from 
aqueous ethanol as a light brown solid, m.p. 144-146°. 
Thin layer chromatography on ChromAR Sheet 500 (Mallinck- 
rodt) using chloroform as the developing solvent revealed 
two components, R¢ 0.61 and 0.29. 

ior. Spectrum: 1708 (CO); 3360 (broad) (NH,) em71, 

Mass spectrum: . 313 (33); 311 (100) ;) 307 (91),. m/e 


(% rel abund). 


4—(2-Amino-5=-chlorobenzylidene) -3-methyl=-1- 
pyrazolin-5-one (173) 


A stream of hydrogen chloride was passed through a 
solution of 4-(o-hydroxylaminobenzylidene) -3-methyl-1- 
phenyl-2-pyrazolin-5-one (0.34 g) in tetrahydrofuran (5 
mb). for thirty..seconds, at 0-59.) The dark, red..solution. was 
set aside for fifteen hours then evaporated to dryness. 
The resulting black semisolid was placed on a silica gel 
column «(0.025% 4-7 +8,g)--and eluted with petroluem,.ether 
then benzene. Evaporation of the benzene solution (100 
ml) gave a dark yellow solid (0.16 g). Crystallization 
of this. product,from ethanol yielded the title compound 


monohydrate, as a white :solid,..méP. 152-154°. Re [ChromaR 
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Sheet 500 (Mallinckrodt) with chloroform], OSGay, 

I.r. spectrum: 1708 (CO); 3365 (NH») cm +, 

Mass: spectrum: 3237/62) [mt2]"; 3Aay -€1,00) fins m/e 
(% rel abund). 

Anal. C1 7H, 4C1N30.H50 requires: C, 61.91: H, 4.89; 


Peele as, cM OUNGs. °C, O22; Hea eole oN, aloeoos 


4-(2-Amino=5-methoxybenzylidene) -3-methyl-1-pheny1l-2- 


pyrazolin-5-one (174) 

Concentrated sulfuric acid (0.5 ml) was added drop- 
wise to a suspension of 4—(o-hydroxylaminobenzylidene) -3- 
methyl-1-pheny1-2-pyrazolin-5-one (0.4 g) in hot methanol 
(15 ml). The solid dissolved immediately and the resul- 
ting. solution was heated under reflux for two hours,. then 
left standing at room temperature for twelve hours. Dilute 
sodium hydroxide solution (10 ml) was added, then the sol- 
ution was reacidified with glacial acetic acid and extrac- 
ted with chloroform. The washed and dried (MgSO,) chloro- 
form solution was evaporated to dryness to give an oil 
which was chromatographed on a silica gel column (0.25" x 
8"; 15 g) using benzene (100 ml), benzene/chloroform (1:1) 
(100 ml), and then chloroform (325 ml) as solvent. Evap- 
oration of the chloroform eluate gave a brown oil which 
solidified when triturated with ethanol. The product 
(0.21 g) was crystallized from ethanol (charcoal) to yield 


5-methoxybenzylidene) -3-methy1l-1-phenyl-2-pyraz- 


4- (2-amino- 
fe) 
SOlin=5=one as an off-white solid, m.op.. 136-137 - Re 


[chr omAR Sheet 500 (Mallinckrodt) with chloroform], 0.29. 
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[se Yspectrum?*Ci7 1 (CO)* 288280753300 (NH,) ents. 


+ 
Mass spectrum: 307 (100) [m], m/e (% rel abund). 
Anal. C7 gH) 7N305 ‘requires? 9°C/070. 3470H)o5. 587 .N, 


Bro7>PUlFound>° Gy2700L4 50H, © 5e44 hing 1sied9: 


Interaction of Benzothiazine and Benzoxazine Hydroxamic Acids 
with Acetic Anhydride 


4-Acetoxy-3, 4—dihydr o=3-oxo-2H-1,4-benzothiazine (177) 


A solution of 3,4-dihydro-4—-hydr oxy-3-oxo-2H-1, 4- 
benzothiazine (1.08 g) in hot dry benzene (75 ml) was 
treated with acetyl chloride (3.0 ml), and the solution 
heated under reflux for two and one-half hours. The reac- 
tion mixture was reduced to dryness, leaving a colorless 
oil which yielded 4-acetoxy=3,4-dihydro-3-oxo-2H-1,4- 
benzothiazine (1.01 g) when triturated with ethanol, m.p. 
89-90° (aqueous ethanol). 

i.r. spectrum: 1705, 1802) (co) cm, 

N.m.r. spectrum (CDC13) : T 7.66 (3-proton singlet) 
(CH3) ; 6.43 (2-proton singlet) (CH) 7 2.55-3.20 (4-proton 
multiplet) (aromatic signal). 

Mass spectrum: 223 (41) [mM]"; 181 (100); 43 (59), 
m/e (% rel abund). 

Anal. Cj 9H9gNO03S Tequires: “Cy 55.00, HH, 94-007. N, Oca. 


Found: C, 53.65; H, 4.18; N, 6.43. 


-~Acetoxy-3,4-dihydro-3-oxo-2H-1, 4-benzothiazine (179) 


Z 


Method A 


Acetic anhydride (2.5 ml) was added to a suspension 
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of 3,4-dihydro-4-hydroxy-3-oxo-2H-1,4-benzothiazine (1.0 g) 
in glacial acetic acid (5 ml), and the reaction mixture was 
heated under reflux for thirty minutes. The hot solution 
was poured into ice and the resulting suspension. neutral- 
ized with solid sodium carbonate. This mixture was ex- 
tracted with ether. Evaporation of the organic layer 
yielded a yellow solid (0.9 g). Crystallization of this 
product from ethanol yielded the title compound, m.p. 172- 
174°. Reported (Zahn, 1923) m.p. 172-173°. 

2.1 Spectrumzor the7 52alvis3 1CO)}; mBdi98 (NG) a eae 

N.m.r. spectrum (CDC13) : 78.00 (3-proton singlet) 
Gt, )a7e321G0.n( L=protonsinglet)s(CH)¢d 258= 3016 (4=preton 
multiplet) (aromatic protons); -0.10 (l-proton, broad 
signal; exchanged with deuterium oxide) (NH). 

Mass spectrum: 223 (30) [m]+; 181 (61); 43 (100); 


m/e (% rel abund). 


Method B 

A solution of 4-acetoxy-3,4-dihydr o-3-oxo-2H=1,4- 
benzothiazine (0.53 g) in glacial acetic acid (3 ml) was 
heated under reflux for thirty minutes. The reaction mix- 
ture was diluted with water (10 ml) and extracted with 
chloroform. Evaporation of the chloroform layer ona 
film evaporator left a brown solid (0.50 g). Crystalliz- 
ation of this product from benzene gave 2-acetoxy-3,4- 
dihydr o- 3-oxo-2H-1,4-benzothiazine, m.p. 170-173°. The 
infrared spectrum of this product was superimposible on 


that of the compound prepared by method A. 
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Method :C, (Zahn, +1923) 

A suspension of 2-chloro-3,4-dihydro-3-oxo-2H-1, 4- 
benzothiazine (0.92 g) and anhydrous sodium acetate (0.52 
g) in glacial acetic acid (8 ml) was stirred under reflux 
for forty-five minutes. The hot suspension was filtered 
and the filtrate was poured over ice. Stirring and 
filtration of the resulting suspension yielded a white 
solid (0.85 g), which on recrystallization from ethanol 
gave 2-acetoxy-3,4-dihydr o-3-oxo-2H-1,4-benzothiazine, 
Hepes L-173".. “Reported. (Zahn, 1923): map. di72-i7se.+ The 
infrared spectrum of this compound was superimposible with 
the spectrum of the product isolated from the treatment 
of 3,4-dihydr o-4—-hydroxy-3-oxo-2H-1,4-benzothiazine with 
acetic anhydride in glacial acetic acid. A mixed melting 


point of the two compounds was not depressed. 


3,4-Dihydr o-3-0xo=2H-1,4—-benzothiazine (151) (Prasad and 


Tietje, 1966) 

Sodium hydrosulfite (11.75 g) was slowly added to a 
warm solution of (o-nitrophenylthio) acetic acid (4.75 g) 
and sodium hydroxide (4.0 g) in water (250 ml). After 
the exothermic reaction had ceased, the temperature of 
the reaction mixture was raised to 90° for five minutes. 
The hot solution was filtered and the filtrate acidified 
with concentrated hydrochloric acid. As the solution 
cooled a flocculent yellow precipitate of 3,4-dihydro-3- 


oxo-2H-1,4-benzothiazine formed (1.6 g), m.p. 174-177°. 
Reported (Coutts, Barton, and Smith, T1966) mop. 179-180°. 


se SRL) ~ 


bexretfiid esw nobemouene sia oa 
Bias batwaide est TSVO, sills | 


esidw 6 bebisiy-nokaneqaue pmb steer oe Bey aol t ss2H d rit? 


VI 
wre oe 


lonsdts mot? nol desi Matey ot a0 tlobriw «te 28:0 y 8 
sib sehitvennarak, {nS -oxont-osiet &- 
ant PERLSer ‘eS wilt (eses , ehh 


ritiw ofdteoumisequa asw Prvegmod. abet eo mustoege 
tnemt6s3t art moxy. pasahoek douboxg oa 20 muss: 
nih iw, (Sai ssidjosaed-s, Las -oxo~E-iyxortbys 


bakstiom bexim By Brey piteds Pedaalp 


bes Peestt) ([ef) oaisetdioudeds | AS -oxo-teomhy dia Bias 
| AGN § | ce 
& o¢ behbs viwole eaw le af 4AL) eae aude ad a 
‘ied ine ia q 
ox ia) 3o. sottutin mae | 
co OMe das). wedsw ak te Oud) iets entree ti, " 
saith exits isamed aus \beepe , 


(@ atsb) bios Sidon (oho Lembite 


hia Laat «he au) “be 
er “Am (BCL -, 


- 173 - 
I.r,. spectrum: 1662 (CO); 3190 (NH) cm7l, 


2-Chloro~3,4-dihydro~3-o0xo-2H-1,4-benzothiazine (Zahn, 1923) 
A solution of sulfuryl. chloride. (0.5 g) in. ary 

benzene (10 ml) was slowly added to a hot solution of 

3,4-dihydro-3-oxo-2H-1,4-benzothiazine (1.05 g) in the 

same solvent (50 ml). A grey precipitate slowly formed, 

and after twenty minutes the resulting suspension was chil- 

led and filtered, leaving 2-chloro-3,4-dihydro-3-oxo-2H- 

1,4-benzothiazine (1.03 g) as a grey solid, m.p. Paksy Weta s 

Reported (Zahn, 1923) m.p. 215°. 


I.r. spectrum: 1673 (CO); 3195 (NH) cm-l. 


4-dihydr o-4-hydroxy-3-oxo-2H-1, 4-benzo- 
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thiazine (150) with acetic acid 

3,4-Dihydr o-4—hydr oxy~3-o0xo-2H=-1, 4-benzothiazine 
(0.31 g) was dissolved in hot glacial acetic acid (10 ml), 
and the solution heated under reflux for forty minutes. 
The solvent was removed on a film evaporator leaving a 
solid. This compound was dissolved in 10% sodium carb- 
onate solution, the solution washed with chloroform, then 
the product reprecipitated with acetic acid. Extraction 
of this suspension with chloroform and evaporation of 
the chloroform layer left a white solid which proved to 
be the starting material (0.28 g), m.p. 149-151° (ethanol). 
Reported (Coutts, Barton, and Smith, 1966) m.p. 151-152°. 
The infrared spectrum of the product was superimposible 


on the spectrum of the starting material. 
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Treatment of 3,4-dihydro-3-oxo-2H-1,4-benzothiazine ( 


with acetic acid 


A suspension of the title compound (0.53 g) in glac- 
dal acetic acid (5 ml) was treated with acetic anhydride 
(3 ml) and heated under reflux for twenty-five minutes. 
The reaction mixture was poured over ice and the resulting 
suspension filtered leaving 3,4-dihydro-3-oxo-2H-1, 4- 
benzothiazine (0.47 g), m.p. 174-176° (ethanol). Reported 
(Coutts, Barton, and Smith, 1966) m.p. 179-180°. The 
infrared spectrum of this product was the same as that of 


the starting material. 


3,4-Dihydr o-4-hydr oxy-6-methy1=3-oxo-2H-1,4-benzothia- 
Zine (175) 

A solution of methyl (4-methyl-2-nitrophenylthio) - 
a@étate | (Couttspr Peel, sand!Smith)1965).(3.01-g) ocinidioxane 
(60 ml) was reduced with sodium borohydride and palladium- 
charcoal as described in the general procedure (p.129). 

The filtrate was acidified with acetic acid and the solu- 
tion reduced to approximately one-third volume on a film 
evaporator. The resulting suspension was filtered leaving 
the title compound as a white solid (1.52 g), m.p. 106- 


108°, Reported (Coutts, Peel, and Smith, 1965) m.p. 105- 


107 


I.c. spectrum: 1628, 1673 (CO); 2500-3390 with a 

=] 

maximum at 3125 (OH) cm”. 
N.m.oc. spectrum: 7 7.69 (3=-proton singlet) (CH3) ; 


6.41 (2=proton singlet) (CH5); 2.67-3.30 (3=proton multi- 
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plet) (aromatic protons); -0.47 (l=proton, broad signal; 


exchanged with deuterium oxide) (NH). 


4-Acetoxy-3,4-dihydro-6-methy1-3-oxo-2H-1, 4-benzothiazine 


(180) 

Acetyl chloride (2 ml) was added to a solution of 
3,4-dihydro-4-hydr oxy-6-methy1-3-oxo-2H-1,4-benzothiazine 
(0.43 g) in dry benzene (30 ml). This solution was heated 
under reflux for ninety minutes, then reduced to dryness 
feaving a dark oll. Trituration of this, o1l with, ethan— 
ol yielded a grey solid (0.37 g). Recrystallization of 
this product from ethanol (charcoal) gave 4-acetoxy-3,4- 
dihydro-6-methyl-3-oxo-2H-1,4-benzothiazine, m.p. 97-98°, 

I.r. spectrum: 1701, 1793 (co) cm-!. 

N.m.r. spectrum (CDC1.,) : T 7.68 (3-proton singlet) 
(CH3); 7.64 (3-proton singlet) (CH3); 6.46 (2-proton 
singlet) (CH,) ; 2,.68-3.30 (3-proton multiplet) (aromatic 
protons) . 

Anal. C1 7H){NO3S Keqwahr esti «C ,. £55<,68)4 oH.) 4 407.22. N,, 


S190 oceFoundtwiGe 55643; Hr. 4hadlbraaed =89- 


2-Acetoxy-3,4-dihydro-6-methy1l-3-oxo-2H-1, 4~benzothiazine 
(181) 
A suspension of 3,4-dihydro-4-hydroxy-6-methy1-3- 


oxo-2H-1,4-benzothiazine (0.47 g) in glacial acetic acid 
(6 ml) was treated with acetic anhydride (205° mL) ena 
heated under reflux for thirty minutes. The reaction 


mixture was stirred with ice, then filtered leaving a 
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yellow solid (0.41 g). Crystallization of this product 
from ethanol (charcoal) left the title compound as a white 
precipitate, m.p. 187-189°. 

I.r. spectrum: 1678, 1757 (CO); 3200 (NH)- cm?. 

N.m.r. spectrum: 7 8.01 (3=-proton singlet) (CH) 7 
7.74 (3-proton singlet) (CH) ; 3.82 (l-proton singlet) 
(CH); 2.66-3.27 (3-proton multiplet) (aromatic protons) ; 
-1.00 (l-proton singlet; exchanged with deuterium oxide) 
(NH) . 
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(o-nitrophenylsulfonyl) acetate (Coutts and Smith, 


Methyl 
1967) 
Potassium permanganate (20 g) was stirred with a 
solution of methyl (o-nitrophenylthio) acetate (10 g) in 
glacial acetic acid (150 ml) and water (25 ml). After 
stirring for “two. hours. axthick blackigel formed. .,Phis 
was left standing for twelve hours, then decolorized with 
hydrogen peroxide (30%). The suspension which formed was 
filtered and the solid dissolved in chloroform. The or- 
ganic layer was washed with water, then evaporated to 
dryness leaving methyl (o-nitrophenylsulfonyl) acetate 
(8.1 9g), m.p. 118-120°. Reported (Coutts and Smith, 1967) 
meonti2e-1wIcs 
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3,4-Dihydro-4-hydroxy-3-oxo-2H-1 


4-benzothiazine 1,1- 


dioxide (176) 

Following the general procedure (p. 129) a solution 
of methyl (o-nitrophenylsulfonyl) acetate (3.1.9). in 
dioxane (75 ml) was reduced with sodium borohydride/ 
palladium-charcoal. The filtered reaction mixture was 
acidified over ice with dilute hydrochloric acid. This 
solution was flooded with water (350 ml) and extracted 
with chloroform. Removal of the aierecenmlert a.color- 
less oil which solidified on trituration with. ethanol. 
Recrystallization of this product yielded 3,4-dihydro- 
4~hydroxy-3-oxo-2H=-1,4=-benzothiazine 1,1-dioxide (1.72 g) 
as an off-white solid, m.p. 147-1489. Reported (Coutts 
et al, 1968) 149-1509. 

I.x. spectrum: 1655 (broad) (CO); 2400-3450 with 


a maximum at 3090 (08) om” -. 


oxo=2H-1,4=b 


4-Acetoxy=3,4-dihydr o= 3= enzothiazine 1,1-_ 


dioxide (182) 
Method A 

A solution of 3,4=-dihydro=4-hydroxy=-3-oxo=2H=-1,4= 
benzothiazine 1,l-dioxide (0.49 g) in dry benzene (50 ml) 
was treated with acetyl chloride (2.5 ml) and heated under 
reflux for two and one-half hours. Evaporation of the 
reaction mixture left an oil. Trituration of this oil 
with ethanol gave a white solid (0.41 g) which proved to 
be the title compound, m.p. 159-161°. Reported (Coutts 


et al, 1968) m.p. 161-162°. 
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I.r. spectrum: 1705, 1806 (CO) om. 


Nom. poxspectrum: of Td s57cr(saproton! singlet) (CH) ; 
4.84 (2-proton singlet) (CH5) ; 1.96-2.72 (4-proton mil- 


tiplet) (aromatic protons). 


Method B 

Acetic anhydride (3 ml) was added to a solution of 
3,4-dihydro-4=-hydr oxy=3-oxo-2H-1,4-benzothiazine 1,1- 
@ioxide- (0.51 g) in glacial acetic acid. (7. m1). After 
heating under reflux for thirty-five minutes, the reaction 
mixture was poured over ice. The resulting suspension was 
filtered leaving a white solid (0.50 g). Crystallization 
of this product from ethanol left 4-acetoxy-3,4-dihydro-3- 
oxo=-2H-1,4-benzothiazine 1,1-dioxide, m.p. 159-160°. The 
infrared spectrum of this product was identical to that 
of the product isolated in method A. 

This reaction was repeated except that the solution 
ef the hydroxamic acid (0.51 g) in acetic anhydride (6 ml) 
was heated for twenty-two hours. The reaction mixture was 
left standing for a further eighteen hours then poured 
into ice. Stirring yielded a solid (0.44 g) which was 
recrystallized from ethanol (charcoal) leaving 4-acetoxy- 
3, 4-dihydr o- 3-oxo-2H-1,4-benzothiazine 1,1-dioxide, m.p. 
160-161°. The infrared spectrum of this compound was 


superimposible on those of the products isolated in both 


of the preceding reactions. 
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Ethyl (o-nitrophenoxy) acetate 


The sodium salt of o-nitrophenol was prepared by 
adding slowly o-nitrophenol (20.8 g) to a solution of 
sodium hydroxide (10.5 g) in ethanol (125 ml). -A thick 
Suspension formed immediately, and after stirring for 
fifteen minutes this was filtered leaving the sodium salt 
(23.09) as a bri'ght-red. solid. 

This salt (20.1 g) was suspended in acetone (250 ml) 
and treated with ethyl bromoacetate (22.5 g). The sus- 
pension was stirred under reflux for fourteen hours. 
During this time a pale yellow suspension formed. The 
hot reaction mixture was filtered and the filtrate evap- 
orated to dryness, leaving an oil (29.3 g) which solid- 
Heved on. cooling.» Crystallization of this product a~trom 
ethanol yielded yellow needles of ethyl (o=-nitrophenoxy) - 
acetate, m.p. 45-47°. Reported (Minton and Stephen, 
1922) m.p. 46-47°. 


I.r. spectrum: 1733 (CO) om +. 


4-Acetoxy-3,4-dihydro-3-o0xo-2H-1,4-benzoxazine (185) 


A suspension of 3,4-dihydro-4-hydroxy-3-oxo-2H-1,4- 
benzoxazine (1.92 g) in benzene (80 ml) was treated under 
reflux with acetyl chloride (2.8 ml) for three hours. 
Evaporation of the reaction mixture left a brown oil 
which, on repeated trituration with ethanol, yielded a 
grey solid (1.44 g). Recrystallization of this product 
from benzene/petroleum ether and aqueous ethanol gave 4- 


acetoxy-3, 4-dihydro-3-o0xo-2H-1,4-benzoxazine, m.p. 64-65°. 
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i-mse spectrum: 1170550 16032 ceo) cm + 

N.m.r. spectrum (CDC1.) : T 7.54 (3-proton singlet) 
(CH3); 5.25 (2-proton singlet) (CH5) ; 2.93-3.26 (4-proton 
multiplet) (aromatic protons) . 

Anal. Cyj9QH9NO, requires: C, 57.98; H, 4.37;°N, 6.76. 
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-Acetoxy-3,4-dihydr o- 3-oxo-2H-1,4-benzoxazine (187) 


Method A 

Acetic anhydride (5 ml) was added to a solution of 
3,4-dihydro-4-hydroxy-3-oxo-2H-1,4-benzoxazine (1.03 g) 
in glacial acetic acid (10 ml), and the reaction mixture 
heated under reflux for thirty-five minutes. The reaction 
mixture was poured into ice and the resulting suspension 
filtered. - Recrystallization of this product (0.73) g) 
from benzene and ethanol yielded 6-acetoxy-3,4-dihydro-3- 
oxo-2H-1,4-benzoxazine, m.p. 162-164°. Reported (Loudon 
and Ogg, 1955) m.p. 162-163°. 

I.r. spectrum: 1691, 1760 (CO); 3200 (NH) cm™?. 

N.m.r. spectrum (CDC1,) : "Ty. 7.74 (B=-proton singlet) 
(CH3) ; 5.43 (2-proton singlet) (CHj); 2.96-3.44 (3-proton 
multiplet) (aromatic protons) ; -—0727 (l-proten,. broad 
signal; exchanged with deuterium oxide) (NH). 


Anal. Cio HoN Oy, requires?t Cj) "5/..987 Hy, 42377, N,. ©2704 


Found: C, 57.84; H, 4.33; N, 6.74. 


Method B 
A solution of 4-acetoxy-3,4-dihydro-3-oxo-2H-1,4- 
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benzoxazine (0.45 g) in glacial acetic acid (3 ml) was 
heated under reflux for thirty minutes. The reaction 
mixture was poured into ice, and the suspension that form- 
ed was filtered leaving a white solid (0.35 g). ‘The fil- 
trate was neutralized with solid sodium carbonate and 
extracted with chloroform. Evaporation of the chloroform 
left a white product (0.09 g). These two solids were 
combined and recrystallized from benzene. This yielded 
6-acetoxy-3, 4-dihydr o-3-oxo=2H=-1,4-benzoxazine (0.25 g), 
Mep.'159-161°. The infrared spectrum of this: product: was 
identical to that of the compound isolated in procedure A. 
The filtrates from these recrystallizations were 
evaporated to dryness leaving a white solid (0.16 g), m.p. 
135-140°. The infrared spectrum of this solid was similar 
Go, but not identical with, that-of the 6—-acetoxy lactam, 
and the solid gave only one spot on thin layer chroma- 
tography, R¢ 0.56 [Chr omAR Sheet 500 (Mallinckrodt) using 
chloroform/ether (1:1) as a developing solvent | which was 
the same as the R- value of 6-acetoxy-3,4-dihydro-3-oxo-2H- 
1,4-benzoxazine under the same conditions; however, repeated 
recrystallization failed to increase the melting point of 
this product. Attempts to purify this solid by column 
chromatography using a silica gel column were also unsuc- 
cessful. Gas chromatography of a methanolic solution of 
this product on a 0.25" x 6 glass column of 3% silicone 
rubber O.V.=<17 on chromasorb: (80-100 ‘G)® at 185° gave three 


peaks with retention times of 6.0, 7.4, and 8.3 minutes 
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which were present in a ratio of 2:16:7 respectively. The 
addition of authentic samples of 6-acetoxy- and 7-acetoxy- 
3,4-dihydro-3-oxo=2H-1,4-benzoxazine resulted in the 


augmentation of the second and third peaks. 


Method C (Loudon and Ogg, 1955) 

A solution of 3,4-dihydro- 6-hydroxy-3-oxo-2H-1,4- 
benzoxazine (0.35 g) in ice cold 5% sodium hydroxide solu- 
tion (5 ml) was treated with excess acetic anhydride (1 ml). 
A suspension formed almost immediately and after five 
minutes this was filtered leaving 6-acetoxy-3, 4-dihydr o-3- 
oxo=2H-1,4-benzoxazine (0.36 g) as a white solid, m.p. 
162-163° (benzene) . Reported (Loudon and Ogg, 1955) m.p. 
162-163°. [Re 0.56 when chromatographed on ChromAR Sheet 
500 (Mallinckrodt) using a developing solvent of chloro- 
form/ether Ghadidds The infrared spectrum of this product 
and those of the compounds prepared by methods A and B 
were identical. The mixed melting points of these com- 


pounds were not depressed. 


Loudon_and Og¢ 


-Chloro-2,5-dimethoxyacetanilide _ 


xX 
A solution of chloroacetyl chloride (4.5 ml) in dry 
benzene (15 ml) was added slowly to a solution of 2,5- 
dimethoxyaniline (8.4 g) and pyridine (407 wind.) Vine che 
same solvent, (225 ml) keeping the temperature below 1572 
A precipitate slowly formed. After one hour more chloro- 
acetyl chloride (2 ml) was added and the reaction mixture 


stirred at room temperature for twenty-four hours. The 
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Suspension was washed with 5% hydrochloric acid yielding 
a clear amber benzene layer. The organic layer was dried 
(MgSO,) and evaporated to dryness leaving a grey solid 
(13.22 g). Crystallization of this product from pet- 
roleum ether gave O<¢-chloro-2,5-dimethoxyacetanilide, 

Mle D's ag S on Reported (Loudon and Ogg, 1955) m.p. 76-77°. 

I.r. spectrum: 1676 (CO); 3395 (NH) cmt. 

N.m.r. spectrum (CDC1,) : T 6.24 and 6.16 (3-proton, 
eanglets) .(CH3); 5.85 (2-proton: singlet) 1(CH>)) 7.3. 43e(1— 
meouon, doublet sof ‘doublets>; J=9 and 3 c.p.s.) + 3.138 1- 
preton, doublet; J=9 c.p.s.); 1.99 (l-proton.doublet, J=3 


c.p.s.)7 1.17 (1-proton, broad signal; exchanged with dexzterium oxide) (NH). 


oc -Chloro-2, 5-dihydroxyacetanilide (Loudon and Ogg, 1955) 


A mixture of o€-chloro-2, 5-dimethoxyacetanilide 

(3.06 g), anhydrous aluminium chloride (10.1 g) and sodium 
chloride (4.1 g) was stirred on an oil bath at 140-145° 
for ten minutes. During this time a thick grey mass formed. 
This was cooled, then stirred with 5% hydrochloric acid 
over ice. Filtration of the resulting suspension yielded 
C-chloro-2,5-dihydroxyacetanilide (1.87 g) as a white 
solid, Umep. 195-196° (aqueous ethanol). Reported (Loudon 
and Ogg, 1955), 196-197°. 


I.r. spectrum: 1655 (CO); 2400-3540 with maxima at 


; =] 
3290 (OH) and 3365 (NH) cm ~. 


N.tmers spectrum: “15.86 #(2=protonysinglet) (CH) 7 
3.70 (l-proton, doublet of doublets; J= 8.5 and 3 CLpeseyc 


3.34 (l-proton doublet; J= 8.5 Gipssie 2256 (1-—proton 


y "ie 


} ' : ; ' f a mi i. ae 
‘ Tay a nt hy i fii fr i 
=F i A i A eh et 
\ 


Kea i, 


encbitedy Bios ‘swe cise we wie 
pabib esw eye! SiineEx0, oak. wey 1a 
bikes yette. 5 emivest seen i sonst oep 
“tog mont seybons aug ae srobsegheseys0) 0 a 
-sbiL:asvapeysehisamib- Sis Caaasiotiod vee a | 


| cy a “BRe€ (09) avant esha ‘the 
.soso3g-€) an. 0 bes ASB 24 toa) muisooge am 
ai}: ER. UU eH) (tetpitre aati 28. a : (gH). Bic sok 
mi Bie 7 (.Bagso, © Bias ey ‘ataldueh to tolduod 
g=t ,telduob. no touq-) Ge. : (dq 2 ext, tyeldoob sf 


AH) (emia mutes iby Ep empte ian? vaaeied cL, iy v( 7 
i Hil! wi - m 


(ec@L \ppO: bas necishea, nen erelt b- 24S20m sf 
abst insJoonyxods ome Be Some fon 90 2 | i 
muiboe iB te £5029) ebttelde. a | 3 
sions +8 died fio. wes nto i on 


bebleiy notadodaie oi sa 0) soisensian ry 


editw 6 an (e $8.4) ae 
‘nobdba) het xoc0R 


meetane earl: 
Ty } PP 6 whi ¥ eg i 
Ui Age (sdiigae foyer 

‘i. Ga £ pas’ 2.8 me | 
 aosorast) gad 2 


Likes " v1 
a : ee i i i ; 
pie al ' mo a We ry ; , 
tu 2 OP) eee , ; wis evo Fi oe 2 


- 184 - 


doublet; J= 3 c.p.s.); broad 3-proton signal with peaks 
at 1.30, 0.94 and 0.79; all three exchanged with deuterium 


oxide (OH and NH). 


3,4-Dihydro-6-hydroxy-3-oxo-2H-1,4-benzoxazine (189) 


Method A (Loudon and Ogg, 1955) 

~X-Chloro=-2, 5-dihydroxyacetanilide (1.05 9) was 
stirred with 5% sodium hydroxide solution (7 ml) for 
fifteen minutes. The solid dissolved and a precipitate 
slowly formed. The resulting suspension was neutralized 
with acetic acid and filtered, leaving an off-white solid 
Cig: Crystallization “ofthis product from: éthanol 
(charcoal) yielded 3,4-dihydro-6-hydr oxy-3-oxo-2H-1, 4- 
benzoxazine, m.p. 251-253° (decomp). Reported (Loudon 
and Ogg, 1955) m.p. 249-250°. 

I.r. spectrum: 1672 (CO); 2500-3440 (OH) with a 
maximum at 3195 (NH) cm™!. 

N.m.r. spectrum: 75.53 (2=proton singlet) (CH,) i 
3.06-3.78 (3-proton signal) (aromatic protons); 0.90 and 
-~0.5 (two 1l-proton, broad signals; both exchanged with 
deuterium oxide) (OH and NH). 

U.v. spectrum (ethanol): ee 3020 A (log €:.°3.68) . 


Ane .\ Catedr't cr CgH7NO3: C15S.45S 4H 427: oN,« 3. 48. 


Round t@),. 5O.23° Hees 7 7M, 2.104: 


Method B 
6-Acetoxy-3,4-dihydro-3-oxo-2H-1, 4-benzoxaz ine G1.422 


g) was dissolved in 10% sodium hydroxide solution (10 ml) 
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by stirring at room temperature. A black solution formed 
almost immediately. After five minutes, the reaction 
mixture was acidified with glacial acetic acid and fil- 
tered, leaving an off-white solid (1.1 9). Recyrstal- 
lization of this product from ethanol (charcoal) gave 
3,4-dihydro-6—-hydr oxy-3-oxo-2H-1,4-benzoxazine, m.p. 
252-254° (decomp). The infrared and n.m.r. spectra of 

this product were identical to those of the compound isola- 
ted in method A. A mixed melting point of the two com- 


pounds was not depressed. 


6-Benzoyloxy-3,4-dihydro-3-oxo-2H-1,4-benzoxazine (190) 
A solution of 3,4-dihydro-6—hydroxy-3-oxo-2H-1,4- 
benzoxazine (0.25 g) in 10% sodium hydroxide solution (4 
ml) was shaken with benzoyl chloride (1 ml) and left 
standing for five minutes. Excess sodium hydroxide was 
added and the suspension, which had formed almost im- 
mediately, was filtered. The resulting solid (0.22 g) 


was crystallized from ethanol leaving 6-benzoyloxy-3, 4- 


dihydro-3-oxo-2H-1,4-benzoxazine, m.p. 201-202°. 


L.reospectrum:. 1698,..1738; (GO); 13200. (NH)).cm74. 


Nemats-spectrumine lin 5a41 (2-proton singlet) (CH,) 
1.80-3.34 (8-proton multiplet) (aromatic protons); -0.71 
(l-proton singlet; exchanged with deuterium oxide) (NH). 

i s) Cp erOOR9Ls iy 4a NS 

Anal. Cy 5H 4N% requires 


5.20. Found: Cc, 67.07%) H, 4.403. N,; 5.51. 
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Resorcinol=3-benzoate (Barton, Linnell, and Senior, ‘1945) 
Benzoyl chloride (56 g) was added, dropwise, to a 
mechanically stirred solution of resorcinol (44 g), sod- 
ium carbonate (88 g), and sodium hydrosulfite (5 g)®“in 
water (1300 ml) over a period of six hours, and Seirr ang 
was continued for a further three hours. The resulting 
suspension was filtered, yielding resorcinol-3-benzoate 
(54.55'°9)>F tin. p HY ISL=133E! without Eurther"pur Pf ida talon’. 
Reported (Barton, Linnell, and Senior, 1945) m.p. 132-133°. 


I.r. spectrum: 1708 (CO); 3430 (OH) cm7l. 


Nitration of resorcinol-3-benzoate (Kauffmann and Kugel, 
POA) 

A solution of the title compound (53 g) in glacial 
acetic acid (500 ml) was cooled to 20°, then treated 
Waitth "SiS%itaque olls hn itraicl aiaka s(epretgriveL22)s (55.01) AMCThe 
acid was added over a period of two hours at a rate such 
that the temperature did not exceed 37°. The reaction 
mixture was stirred for a further three hours, then fil- 
tered, leaving a pale yellow solid (57 g), which was as- 
sumed to be a mixture of 4-nitroresorcinol-3-benzoate and 


6=nitroresorcinol-3—benzoate. 


2,4-Dimethoxynitrobenzene 
Method A 


A portion (3.42 g) of the mixture of the two isomers 
prepared in the preceding reaction was heated with sodium 


hydroxide (2.5 g) in 70% ethanol (100 ml) for ten minutes, 
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then cooled to 20°. An ethanolic solution Ck5i anlje Cf 
dimethyl sulfate (8 ml) was added dropwise to the reac- 
tion mixture. This solution was heated under reflux for 
twenty minutes, diluted with 10% sodium hydroxide solu- 
tion (25 ml), then heated for a further four hours. The 
reaction mixture was concentrated to a volume of appr ox- 
imately 50 ml on a film evaporator and extracted with 
chloroform. Evaporation of the chloroform layer gave a 
low yield of the desired 2,4-dimethoxynitrobenzene (0.45 
a) 3. Ds (A275 = Reported (Kauffmann and Kugel, 1911) 


Map!) 75°. 


Method B 

The mixture of the two isomers (23.5 g) was stirred 
with sodium hydroxide (70 g) in hot ethanol (100 ml) for 
ten minutes. The resulting suspension was cooled and 
filtered, yielding what was assumed to be the disodium 
salt of 2,4-dihydroxynitrobenzene (16.1 g). ‘This product 
was stirred with dry toluene (60 ml) and the resulting 
slurry heated under reflux on an oil bath (110°). Excess 
dimethyl sulfate (16 ml) was added dropwise to the solu- 
tion over a thirty minute period, then the solution was 
heated for a further two hours. During this time the 
orange solid slowly dissolved. Dilute sodium hydroxide 
solution was added, and heating continued for another 
forty-five minutes. The reaction mixture was cooled, 


diluted with 10% sodium hydroxide solution (100 ml) and 


extracted with chloroform. Evaporation of the chloroform 
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layer yielded the desired 2,4-dimethoxynitrobenzene (8.6 He 
m.p. 73-750. The infrared spectrum of this compound was 


superimposible on that of the product prepared in method A. 


2,4—-Dimethoxyaniline (Loudon and Ogg, 1955) 


Palladium-charcoal (1.5 g) was added to a solution 
of 2,4-dimethoxynitrobenzene (10.9 g) in glacial acetic 
acid (i150 ml), and the reaction mixture hydrogenated until 
the uptake of hydrogen had ceased (approximately 4.2 1). 
The catalyst was removed and the volume of the filtrate 
reduced to approximately 50 ml on a film evaporator. The 
solution was neutralized with 50% sodium hydroxide solution 
and extracted with chloroform. The chloroform layer was 
then extracted with dilute hydrochloric acid and evapora- 
ted to dryness leaving a black solid (0.62 g). The acid 
layer was basified with 50% sodium hydroxide solution and 
re-extracted with chloroform. Removal of the chloroform 
left 2,4=-dimethoxyaniline (8.04 g) as a light brown oil. 

I.x. spectrum: 3365, 3450 (NH,) cm71, 

This product was characterized as its hydrochloride 
salt, m.p. 223-2259 (decomp). Reported (Bechhold, 1889) 
mop. 224° (decomp) . 


I.r. spectrum: 2400-3220 with maxima at 2570 and 


9625 (*NH,) em71. 


ce —Chloro-2,4-dimethoxyacetanilide (Loudon and Ogg, 1955) 


Chloroacetyl chloride (4 ml) in benzene (15 ml) was 


slowly added to a benzene solution (225 ml) of 2,4-dimeth- 
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oxyaniline (8.04 g) and pyridine (5 ml) over a period of ten 
minutes, keeping the temperature of the reaction below 15°. 
After thirty minutes more chloroacetyl chloride (4 ml) was 
added and the suspension stirred at room temperature for 
forty-eight hours. The reaction mixture was then washed 

with dilute hydrochloric acid and evaporated to dryness 
leaving a brown solid (11.8 g). Recrystallization of this 
product from ethanol gave M&-=chloro-2,4-dimethoxyacetanilide, 
m.p. 87-90°. Reported (Loudon and Ogg, 1955) m.p. 90°. 


Mire spectrum: ©8670 (CO) +. 3415 (NH) emi. 


& -Chloro-2,4-dihydroxyacetanilide (Loudon and Ogg, 1955) 
A mixture of @&-chloro-2,4-dimethoxyacetanilide (4.05 


g), sodium chloride (8.1 g) and anhydrous aluminium chlor- 
ide (20.04 g) was fused at 140-145° for twenty minutes on 
an oil bath, resulting in the formation of a dark colored 
melt. This was cooled, then stirred with dilute hydro- 
chloric acid over ice. The suspension was filtered leaving 
a grey solid which was crystallized from water and yielded 
& -chloro-2,4-dihydroxyacetanilide (2.82 g) m.p. 179-180°. 
Reported (Loudon and Ogg) m.p. 179-180%. 


I.r. spectrum: 1643 (CO); 2400-3420 with maxima at 


3110 (OH) and 3385 (NH) cm™t. 


3, 4-Dihydr o-7-hy dr oxy-3-0xo0- 2H=-1, 4-benzoxazine (Loudon and 
Ogg. 1955) 
&<-Chloro-2,4-dihydroxyacetanilide (2.01 g) was 


dissolved in 10% sodium hydroxide solution (20 ml) and 
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the solution stirred for one hour. The reaction mixture 
was acidified with dilute hydrochloric acid, saturated 
with sodium chloride, and extracted with a large volume 
of ether. Evaporation of the ether layer left a purple 
solid (1.52 g) which on recrystallization from water 
yielded 3,4-dihydro-7-hydr oxy~3-oxo-2H-1,4-benzoxazine 
as an off-white solid, m.p. 233-234° (decomp). Reported 
(Loudon and Ogg, 1955) m.p. 208-209°., 

I.r. spectrum: 1678 (CO); 2500-3600 (OH) with a 
maximum at 3190 (NH) cm >. 

N.m.r. spectrum: 7 5.50 (2-proton singlet) (CH,) ; 
3.09-3.70 (3-proton multiplet) (aromatic protons); 0.88 


and -0.33 (l-proton singlet and l-proton, broad signal; 


both exchanged with deuterium oxide) (OH and NH). 


7-Acetoxy~-3, 4-dihydro-3-oxo-2H-1,4-benzoxazine (188) 
(houdonsand,,0gg,- 1955) 

A solution of 3, 4-dihydro-7-hydr oxy-3-oxo-2H-1, 4- 
benzoxazine (0.28 g) in ice cold 5% sodium hydroxide 
solution (5 ml) was treated with excess acetic anhydride 
(0.75 ml). A precipitate began to form almost immediately, 
and after forty-five minutes the suspension was filtered 
leaving the title compound (0.30 g) as a white solid, 
m.p. 215-217° (water). Reported (Loudon and Ogg, 1955) 
m.p. 216=217°. 

I.c. spectrum: 1685, 1757 (CO); 3190 (NH). 

N.m.r. spectrum: “1 7.78 (3-proton singlet) (CH3), 


5.40 (2-proton singlet) (CH2); 2.92-3.41 (3-proton multi- 
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plet) (aromatic protons); -0.72 (1l-proton, broad signal; 


exchanged with deuterium oxide) (NH). 


Treatment of 3, 4-dihydro-4-hydr oxy-3-o0xo-2H-1,4-benzox- 


azine (168) with acetic acid 

A solution of the title compound (0.63 g) was heat- 
ed under reflux in glacial acetic acid for three hours. 
The reaction mixture was evaporated to dryness on a film 
evaporator leaving a grey solid. This product was dis- 
solved in 10% sodium carbonate solution, and the solution 
washed with chloroform. Evaporation of the organic 
layer left a black oil (0.09 g). 

The sodium carbonate layer was acidified with 
acetic acid and extracted with chloroform. Evaporation 
of the chloroform layer gave starting material as a grey 
solid (0.52 9), mop. 163-164°. The infrared spectrum of 


this compound was identical to that of the starting ma- 


terial. 


Treatment of 3,4-dihydro-3-oxo-2H-1,4-benzoxazine with 


acetic anhydride and acetic acid 


Acetic anhydride (2 ml) was added to a solution of 
3,4-dihydro-3-oxo-2H=1,4-benzoxazine (0.64 g) in acetic 
acid (5 ml), and the reaction mixture was heated under 
reflux for fifty minutes. The reaction mixture was poured 
into ice, stirred, and filtered, leaving the starting 
material (0.47 g) as a pale yellow solid, m.p. 169-171° 


(ethanol). The infrared spectrum of this product was the 
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same as that of the starting compound. 


3,4-Dihydro~3-o0xo-6-propionoxy-2H-1,4-benzoxazine (191) 


Method A 
A solution of 3,4-dihydro-4-hydroxy-3-oxo-2H-1, 4- 
benzoxazine (1.65 g) in propionic anhydride (7 ml) and 
propionic acid (15 ml) was heated under reflux for Shir ey 
minutes. The reaction mixture was poured into ice, stir- 
red, and the resulting suspension filtered, leaving an 
off-white solid (1.13 g). The filtrate was neutralized 
with solid sodium carbonate and extracted with chloroform. 
Removal .o£ theschloroform: left- a solid (0.41 g). ‘These 
products were combined and recrystallized from ethanol 
3 


-OxX O- 6=propionoxy=-2H-1,4-benzoxazine, 


yielding 3,4-dihydro- 


mop. 146-147°. 

Teka Spectrumse.b703y 1762y(6G0)46032004(NH) cml, 

N.m.r. spectrum (CDC1.) : 7 8.78 (3-proton triplet) 
(CH3); 7.44 (2=-proton quartet) (CH,) ; 5.45 (2-proton 
singlet) (CH,) i 3.00-3.46 (3=—proton multiplet) (aromatic 
protons); 0.5 (l-proton, broad signal; exchanged with 
deuterium oxide) (NH). 
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Method B 


4-Acetoxy-3,4-dihydro-3-oxo-2H-1, 4-benzoxazine 
(0.61 g) was dissolved in propionic acid (5 ml) and the 


reaction heated under reflux for thirty-five minutes. 
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The reaction mixture was poured into ice, stirred, then 
filtered leaving a white solid (0.39 g). The filtrate 
was neutralized with solid sodium carbonate and extracted 
with chloroform. Evaporation of the chloroform. layer 
left more product (0.21 g). These products were combined 
and recrystallized from ethanol yielding 3,4-dihydro-3- 


o 


oxo-6-propionoxy=-2H~1, 4-benzoxazine, M.D. 143-145°. The 


infrared spectrum of this product was identical to the 


spectrum of the compound isolated in method A. 


Hydrolysis of 3,4-dihydro-3-0x0-6-propionoxy~2H~ 1, 4~ 
benzoxazine (191) 

A black solution slowly formed as a suspension of 
the title compound (0.79 g) in 10% sodium hydroxide sol- 
ution (25 ml) was stirred at room temperature. After 
twenty minutes the reaction mixture was acidified with 
glacial acetic acid over ice, and. filtered leaving a 
grey solid (0.59 g). Crystallization of this product 
from ethanol yielded 3,4-dihydro-6-hydroxy-3-oxo-2H-1, 4- 
benzoxazine (189) as a white solid, m.p. 255-2579 (decomp) . 
Reported (Loudon and Ogg, 1955) m.p. 249-250°. The 
infrared spectrum of this compound was superimposible on 


the spectrum of an authentic sample of the 6-hydroxy 


derivative (p. 184). 


Treatment of 6-acetoxy-3,4-dihydro-3-o0xo- 2H-1,4-benzoxa- 


with propionic acid 


A solution of 6-acetoxy-3,4-dihydr o-3-oxo-2H-1,4- 
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benzoxazine (0.34 g) in propionic acid was heated under 
reflux for thirty-five minutes. The reaction mixture was 
cooled, diluted with water, neutralized with solid sodium 
carbonate and extracted with chloroform. The chloroform 
layer yielded a white solid (0.33 g) on evaporation to 
dryness. This product was starting material, m.p. 157-160°. 
The infrared spectra of the product and the starting com- 


pound were superimposible. 
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